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Abstract 
 
Minuartia patula, slender sandwort (Caryophyllaceae), is a winter annual found in 
barrens, glades, rocky outcrops, and dolomite prairies of the eastern and central United States.  
This species is rare in Illinois,  Indiana and Ohio; and vulnerable in Kentucky, Missouri, and 
Virginia. Though research on environmental pollution, seed germination, and allelopathic effects 
have been conducted for this species, little is known about its reprodcutive biology. For many 
rare plants a thorough understanding of their reproductive ecology is essential for the 
development of effective conservation strategies. In a two year study, I researched several 
aspects the reproductive ecology of Minuartia patula at five populations in northeastern Illinois.  
In particular, I asked three questions: 1) Can variation in population size of Minuartia patula be 
related to reproductive output or local weather patterns? 2) What can data regarding the 
reproductive ecology, including the breeding system, phenology, and pollinators tell us about M. 
patula? 3) Are there differences in fruit set, seed set and germination rates among populations of 
Minuartia patula? Based on caging studies, flower phenology and pollen to ovule ratio, M. 
patula can be considered a facultative autogamous species.  Also, significant differences were 
found among populations of M. patula for fruit set, seed set, and seed germination.  No 
correlation was found between population size and reproductive output or local weather data. 
Based on the findings of this study, habitat management recommedations have been made to 
increase reproductive success of Minuartia patula and the continuation of long-term population 
surveys was also recommended. 
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CHAPTER 1: INTRODUCTION 
 Minuartia patula Michx. Mattf. (Caryophyllaceae; Arenaria patula Michaux; Alsinopsis 
patula (Michaux) Small; A. pitcheri Nuttall; Sabulina patula (Michaux) Small ex Rydberg) is a 
native winter annual associated with shallow clayey, sandy, or gravelly soils located in barrens, 
glades, rocky outcrops, and limestone or dolomite prairies (Turner and Quarterman 1975; 
Caiazza and Quinn 1980; Ware 1990; Flora of North America 1993; Taft et al. 2009). This 
species ranges in the north from Minnesota to Pennsylvania and in the west from Illinois, 
Missouri, and Kansas to Oklahoma. In the south, M. patula can be found from Texas to Georgia 
and in Tennessee, Virginia, and Kentucky in the East (Flora of North America 1993; USDA, 
NRCS 2010). In Illinois, Minuartia patula can be found in five northeastern counties: Cook, 
Boone, DuPage, Grundy, and Will. Historically, the plant was recorded in St. Clair, Kankakee, 
and Kendall counties, although the Illinois Department of Natural Resources has no current 
records of occurrence for these areas (Illinois Department of Natural Resources 2009). This 
species is endangered in Indiana and Ohio, threatened in Illinois, and is considered vulnerable in 
Kentucky, Missouri, and Virginia (USDA, NRCS 2010; NatureServe 2012). In Illinois, a 
significant number of the known M. patula populations are of small size (Illinois Department of 
Natural Resources 2009; Chicago Botanic Garden 2010), making this species vulnerable to 
environmental stochasticity. 
 In most of its range, M. patula can be found on limestone soils. However, in Arkansas it 
has been recorded on sandstone and shale soils and in Missouri on granite soils (Ware 1990). 
The plant itself consists of slender stems five to thirty centimeters tall with varying numbers of 
branches. The leaves are opposite, narrow with an entire margin, and generally cauline 
(Steyermark 1941; Flora of North America 1993; Swink and Wilhelm 1994). The white flowers 
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occur on open cymes in spring to early summer. After flowering, three-valved ellipsoid capsules 
form, seed is released, and the plant dies by early to mid-summer (Steyermark 1941; Flora of 
North America 1993). The seed germinates the same autumn and seedlings over-winter as 
rosettes (Turner and Quarterman 1975).  
 Much of the information known about Minuartia patula comes from floristic studies 
conducted in the limestone glades of Tennessee and Alabama (Baskin and Baskin 1996; Baskin 
et al. 1995; Caudle and Baskin 1968). In the Tennessee basin, Minuartia patula is a common 
constituent of the flora in cedar glades. In the open glade community, M. patula accounted for 
30.4% of the total flora and could be considered a dominant in the xeric areas of this community. 
A pattern of distribution also became apparent in regards to tree cover. As tree cover increased, 
M. patula cover decreased. No M. patula was found in mature forests near the glades, but some 
was found in open canopy forests in between stands of mature forest and open glade (Baskin and 
Baskin 1996). In Alabama, Minuartia patula was been found on 90.9% of limestone glades 
(Baskin et al. 1995). These glades exhibit extreme conditions for plant growth such as high soil 
temperatures, and seasonal drought or flooding events (Baskin et al. 1995).  
 Minuartia patula also occurs on limestone in the east of its range but can also be found 
on sandstone, shale and granite in Missouri and Arkansas, the south central portion of its range. 
These different populations were tested for substrate allegiance (Ware 1990). Minuartia patula 
was found to exhibit substrate allegiance in all populations. However, the Missouri population 
found on limestone was less allegiant to its substrate than the other populations occurring in 
Tennessee on limestone as well as the population from Arkansas occurring on sandstone. The 
study suggests this might be explained by gene flow between the different populations with 
differing substrates in the Missouri region, but the results of this study were inconclusive on this 
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point (Ware 1990).  
 In addition to floristic studies, Minuartia patula has been the subject of three additional 
areas of research; environmental pollution indicators, seed germination, and allelopathic affects. 
The effects of air pollution from two Pennsylvania zinc smelters on the morphology of Minuartia 
patula leaves (i.e., trichome and stomata density) were investigated by Caiazza and Quinn 
(1980).  A positive relationship was found between pollution levels and trichome density.  But, a 
negative relationship was found between pollution levels and stomata density.  These leaf 
morphology changes allow lesser amounts of particulates and gases into the leaf tissue, 
suggesting that Minuartia patula has developed this mechanism to mitigate air pollution 
(Caiazza and Quinn 1980).  
 Two seed germination studies have been conducted with M. patula (Caudle and Baskin 
1968; Baskin and Baskin 1982). Caudle and Baskin (1968) identified germination rates for 
freshly harvested seeds versus seeds several months old ranging from 56% vs. 49%, 73% vs. 
75%, and 15% vs. 73%, at 10, 15, and 20°C respectively.  As storage time increased, the 
temperature range at which germination occurred also increased. Minuartia patula has high 
temperature dormant seed, meaning germination is only inhibited by high temperatures (Caudle 
and Baskin 1968). This germination inhibition to high temperatures assures that seedlings will 
have a better chance at establishment in the fall when temperatures and precipitation are more 
favorable than during the summer season (Caudle and Baskin 1968). Baskin and Baskin (1982) 
found seeds of Minuartia patula, when freshly harvested, germinated at 33%. After several 
months of dry storage, seed germination increased to 89-100%. They also found germination 
percentages in darkness to be very low, suggesting light is required for germination.   
 Also, the allelopathic affects of Petalostemon gattingeri on M. patula distribution in a 
4 
 
cedar glade have been investigated (Turner and Quarterman 1975). Adult plant size, seed 
germination, and seedling survival of M. patula were all shown to be adversely affected by 
allelopathic chemicals from P. gattingeri. The highest concentration of allelopathic agents in P. 
gattingeri was found in the leaves. The loss of leaves and subsequent leaching of allelopathic 
agents coincides with the fall germination of Minuartia. In a laboratory study, M. patula seed 
germination was halted or severely hindered by dilute concentrations of allelopathic chemicals. 
These results suggest that this allelopathy significantly influences the distribution of Minuartia in 
the studied environment (Turner and Quarterman 1975).   
 Although several aspects of Minuartia patula’s natural history and ecology have been 
studied, no research has been conducted on the reproductive ecology of this species. For many 
rare plants, a thorough understanding of their reproductive ecology is essential for the 
development of effective conservation strategies. The purpose of this two year study (Chapter 2) 
is to answer the following: 1) Can variation in population size of Minuartia patula be related to 
reproductive output or local weather patterns? 2) What can data regarding the reproductive 
ecology, including the breeding system, phenology, and pollinators tell us about M. patula? 3) 
Are there differences in fruit set, seed set and germination rates among populations of Minuartia 
patula? Lastly, Chapter 3 offers conclusions and suggestions regarding management of 
Minuartia patula at the study sites. The information generated by this study will assist with the 
conservation and management of this species in Illinois and throughout its range.  
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CHAPTER 2: THE REPRODUCTIVE ECOLOGY OF MINUARTIA PATULA MICHX. 
MATTF. (CARYOPHYLLACEAE) 
Abstract 
 Minuartia patula, slender sandwort (Caryophyllaceae) is a winter annual found in 
barrens, glades, rocky outcrops, and dolomite prairies of the eastern and central United States.  
This species is rare in Illinois,  Indiana and Ohio; and vulnerable in Kentucky, Missouri, and 
Virginia. Although research on environmental pollution, seed germination, and allelopathic 
affects has been conducted for this species, little is known about its reproductive biology. For 
many rare plants, a good understanding of their reproductive ecology is essential for the 
development of effective conservation strategies. In a two year study, I examined several aspects 
the reproductive ecology of Minuartia patula at five populations in northeastern Illinois. In 
particular, I asked three questions: 1) Can variation in population size of Minuartia patula be 
related to reproductive output or local weather patterns? 2) What can data regarding the 
reproductive ecology, including the breeding system, phenology, and pollinators tell us about M. 
patula? 3) Are there differences in fruit set, seed set and germination rates among populations of 
Minuartia patula? Based on caging studies, flower phenology and pollen to ovule ratio, M. 
patula can be considered a facultative autogamous species.  Also, significant differences were 
found among populations of M. patula for fruit set, seed set, and seed germination.  No 
correlation was found between population size and reproductive output or local weather data. A 
realtively high fruit set but lower seed set and germination suggest that these factors directly or 
indirectly may be the cause of Minuartia patula population size fluctuation and conservation 
status.  
Key words: breeding system, germination, Minuartia, phenology, reproductive ecology  
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Introduction 
 Minuartia patula Michx. Mattf. (Caryophyllaceae) is a winter annual associated with 
shallow soils located in barrens, glades, rocky outcrops, and dolomite prairies of the eastern and 
central United States (Turner and Quarterman 1975; Caiazza and Quinn 1980; Ware 1990; Flora 
of North America 1993). This species is endangered in Indiana and Ohio, threatened in Illinois, 
and is considered vulnerable in Kentucky, Missouri, and Virginia (USDA, NRCS 2010; 
NatureServe 2012). In Illinois, Minuartia patula is associated with dolomitic prairies (Taft et al. 
2009a). In addition, a significant number of the known M. patula populations are of small size 
(Illinois Department of Natural Resources 2009). Both of these factors, restricted habitat and 
small population size make M. patula vulnerable to environmental stochasticity, which may 
result in local extinctions. In addition, M. patula population size varies widely from year to year, 
making management of this species difficult (Taft et al. 2009b; Chicago Botanic Gardens 2010).   
 Most of the information associated with Minuartia patula comes from floristic studies 
and a few studies related to environmental pollution, seed germination, and allelopathic affects 
(Steyermark 1941; Caudle and Baskin 1968; Turner and Quarterman 1975; Caiazza and Baskin 
1980; Baskin and Baskin 1982; Ware 1990; Baskin et al. 1995; Baskin and Baskin 1996). With 
the exception of seed germination studies, little is known regarding the reproductive ecology of 
Minuartia patula.  Several authors have noted that information regarding the reproductive 
ecology of many threatened and endangered plant species is often unavailable despite its 
potential to guide management decisions (Mulvaney et al. 2004; Scott and Molano-Flores 2007).  
As a result of the lack of such information, multiple aspects of the reproductive ecology of 
Minuartia patula were studied for a period of two years in Illinois. In particular, I addressed 
three questions: 1) Can variation in population size of Minuartia patula be related to 
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reproductive output or local weather patterns? 2) What can data regarding the reproductive 
ecology, including the breeding system, phenology, and pollinators tell us about Minuartia 
patula? 3) Are there differences in fruit set, seed set and germination rates among populations of 
Minuartia patula? 
Material and Methods 
Species description 
 Minuartia patula Michx. Mattf. (Caryophyllaceae; slender sandwort) plants consist of 
slender stems five to thirty centimeters tall with varying numbers of branches. The leaves are 
opposite, narrow with an entire margin, and generally cauline (Flora of North America 1993; 
Swink and Wilhelm 1994). This species has white flowers on open cymes that bloom in spring to 
early summer. After flowering, three-valved ellipsoid capsules form, seed is released, and the 
plant dies by early to mid-summer (Flora of North America 1993). The seed germinates the same 
autumn and seedlings over-winter as rosettes (Turner and Quarterman 1975). The chromosome 
count for M. patula is 2n=40 (Dvorak 1984). 
Study sites 
 This study was conducted at five locations in Northeastern Illinois (Figure 1). Waterfall 
Glen is a 2,472 acre preserve managed by the Forest Preserve District of Dupage County. 
Keepataw Forest Preserve is a 215 acre preserve managed by the Forest Preserve District of Will 
County. Both of these sites are located in the floodplain of the Des Plaines River. The Des 
Plaines Conservation Area (Will County) is approximately 5000 acres and is managed by the 
Illinois Department of Natural Resources.  Durkee Road (Will County), a small privately owned 
dolomite prairie remnant is approximately 21 acres. Unfortunately, this site was destroyed by 
development after the first year of data collection.  Midewin National Tallgrass Prairie 
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(Midewin; Will County) is managed by the US Forest Service.  At this site, the M. patula 
population is located in a dolomite prairie (85 acres) in the northwest of the property.  Population 
size, fruit set, seed set, and seed germination for M. patula were studied at all five sites.  The 
phenology, breeding system, and pollinator studies were conducted at the Midewin.  Lastly, the 
pollen to ovule ratio, an additional metric to assess the breeding system of plants (Cruden 1977), 
was determined for Midewin, Des Plaines, and Waterfall Glen populations.  
Population survey  
 In 2010 and 2011 population size was determined by using a systematic search and 
counting each individual at each site.  In 2011, no data was collected at Durkee Road due to 
destruction of the site.  Long term population size data for the Midewin and Waterfall Glen sites 
was provided by The Chicago Botanic Garden Plants of Concern program (Chicago Botanic 
Garden 2010) and for the Keepataw site by Dr. John Taft (Taft et al. 2009b).    
 Three populations had enough long term data to assess the relationship between 
population size and weather factors.  Keepataw had population size data as far back as 1989, 
Midewin has population counts since 2003 and Waterfall Glen since 2002. Weather data 
included precipitation, high temperature, low temperature and mean temperature (Illinois State 
Water Survey 2012).  The weather stations are approximately 3.31 miles from Midewin and 
14.88 miles from the Waterfall Glen and Keepataw sites. 
Phenology 
 At Midewin, the phenology of M. patula was investigated at the flower, plant, and 
population level in May and June of 2010 and 2011.  Flower phenology observations were made 
during peak blooming.  During this period, the timing of flower opening to corolla wilt and the 
positions of pistil and stamens during flowering  were recorded for a total of 30 flowers in 2010 
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and 27 flowers and 2011. Flowering phenology observations at the plant level were conducted 
three times a week through the blooming period. Fifteen plants were randomly tagged and 
number of flowers, buds, wilted flowers, and fruit were recorded at each visit during a period of 
8 weeks in 2010 and 2011.  Lastly, flowering phenology of the population was investigated using 
two methods.  In 2010, fifteen, 30 cm
 
by 30 cm areas were randomly selected and monitored 
visually for percent in bloom three times a week through the blooming season.  In 2011, five 1-
m
2
 randomly selected plots were monitored. The number of flowering and non flowering 
individuals within the plot were recorded twice a week throughout the blooming season. 
Flower Morphometrics 
 In addition to the phenological observations at the flower level, I measured the pistil 
length and the style length for flowers at three stages of maturity; early (petals just beginning to 
unfurl), intermediate (petals fully unfurled, stamens beginning to elongate with stigma immature) 
and late (majority of stamens elongated and anthers dehisced with stigma receptive).  Three 
stamen length catagories, short, intermediate, and long were measured from each flower maturity 
category.  Flowers for these measurements were collected at Midewin and were used to 
supplement the phenological observations at the flower level and to assess the possibility of 
contact between stigma and anthers for pollen deposition. Pistil, style, and stamens were 
measured on the same individual flower.    
Breeding System      
 In determining the autogamous or xenogamous nature of M. patula, pollinator exclusion 
cages were placed over individual plants at the Midewin population. Ten plants in each year, 
2010 and 2011, were randomly chosen and completely covered with a bridal mesh cage. The 
cages were made by glueing fine bridal veil mesh to a wire frame.  These cages were placed very 
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early in the blooming season and were staked in the ground to prevent pollinator entry without 
injuring the plant.  For the control, individual plants were marked but left uncaged. When fruit 
had set, the plants were collected in whole and number of fruit and seeds per capsule was 
determined.  
Pollen to ovule ratio 
 In early May 2011, 15 flowers were collected at each of the Midewin, Des Plaines, and 
Waterfall Glen populations to determine the pollen to ovule ratio, an additional metric to assess 
the breeding system of a plant (Cruden 1977).  If a species has a high pollen to ovule ratio, this is 
indicative of xenogamy (i.e., outcrossing species) vs. a low pollen to ovule ratio which is 
indicative of autogamy (i.e., selfing).  Using a dissecting microscope, flowers were dissected and 
the number of ovules were counted.  Pollen grains were counted per stamen for each flower 
using a grided microscope slide and compound microscope.  Total number of pollen grains for 
each flower was determined by multiplying the number of pollen grains for each stamen length 
category and adding the resulting values. The pollen to ovule ratio was calculated by dividing the 
total number of pollen grains per flower by total number of ovules per flower.  In the case of 
Midewin, the pollen counts were determined for each stamen length category; short, 
intermediate, and long.  A statistical analysis determined no significant differences among  
pollen content for stamen length category (one way ANOVA, F = 0.0769, P = 0.926 ).  For this 
reason, in the case of Waterfall Glen and Des Plaines pollen was counted from only one stamen 
per flower.   
Pollinator observations  
 At Midewin, four 1-m
2
 squared plots were established randomly throughout the 
population for pollinator observation. The plots were visited on May 15
th
 2010 and June 4
th
 2011 
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for approximately 15 minutes every hour for a total of 6 and 4.5 hours respectively. Any insects 
in the flowers were identified to Order and recorded. Difficult to identify insects were 
photographed and identified later. The temperature directly above the exposed dolomite bedrock, 
where the flowers are located was recorded at the beginning and end of each 15 minute 
observation period. Ambient temperature was obtained from the weather station located at 
Midewin National Tallgrass Prairie.     
Fruit and seed set 
 To determine fruit and seed set in 2010 and 2011 individual plants were randomly chosen 
and collected upon fruit set. Twenty plants were collected in each population, with the exception 
of Keepataw (3) and Durkee road (19). The number of fruits and non-pollinated flowers was 
recorded for each individual. Five fruits from each plant were used to determine the seed set. The 
individuals from the Keepataw population did not have five fruits on any one specimen, so every 
fruit was used to determine seed set.  For each fruit, seed set was estimated as the number of 
seeds per fruit divided by the mean number of ovules per flower for this species (i.e., 46.64).   
Seed germination  
 Seeds collected from each study site were stored at 15°C for a period of four months. The 
protocol of Caudle and Baskin (1968) was followed for germination conditions.  Five replicates 
of 20 seeds each were used per population with the exception of the Keepataw site. This site only 
had enough seed to produce four replicates with six seeds each and one replicate with seven 
seeds. Petri dishes were lined with two sheets of Whatman No. 1 filter paper moistened with 
distilled water.  Twice every week, the petri dishes were checked to determine the number of 
germinated seeds for a period of 30 days. A seed was considered germinated upon emergence of 
the radical.  
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Statisitical Analyses 
 One-way ANOVAs or Kruskal–Wallis one-way analysis of variance on ranks were used 
to compare fruit set, seed set, seed germination, flower morphometrics and pollen/ovule ratio 
data among sites.  For sites with a two year data set (i.e., Des Plaines, Waterfall Glen and 
Midewin) two-way ANOVAs were used to determine differences between years and populations 
for fruit set, seed set, and seed germination.  In the case of fruit set, none of the transformations 
used resulted in normally distributed data with homogeneity of variances.  For this variable, two 
way ANOVAs using the aligned rank transformation (Wobbrock et al. 2011) were used.  In 
addition, two way ANOVAs were used to determine fruit set and seed set differences between 
treatments and year for the breeding system study.  For the fruit set associated with the breeding 
system, an arcsine square root transformation was used.  All ANOVAs were followed by 
Tukey’s post hoc tests. To evaluate the association between reproductive metrics and population 
size and between weather variables and population size Pearson Product Moment Correlations 
were conducted per population for the 2010 and 2011 data sets. For these correlations, 
population size was log transformed.  Statistical tests were considered significant at P value ≤ 
0.05. Means and standard errors are reported.  All transformed variables were back-transformed 
for the purpose of data presentation.  All statistical tests were conducted using SigmaPlot® 11.0 
(Systat Software, Inc 2008). 
Results 
Population surveys 
 Long term population data were available for three sites (Table 1). Population sizes often 
varied greatly from year to year within sites. Keepataw and Waterfall Glen showed similar 
general patterns of increase or decrease per year, whereas Midewin showed an increasing pattern 
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for several years followed by a decline. All populations, excluding the Des Plaines site 
experienced a population decline in 2011. In 2010, no significant relationships were detected 
between reproductive variables and population size, with the exception of seed set. A positive 
trend was detected between seed set and population size (r =0.823, P=0.087). Also, no significant 
relationships were detected between reproductive variables and population size in 2011 (all r 
values < 0.968, all P values > 0.162). In addition, Pearson correlations did not detect any patterns 
associated with population size and local weather conditions for Keepataw (all r values < 0.545, 
all P values > 0.129), Midewin (all r values < 0.588, all P values > 0.125), and Waterfall Glen 
(all r values < 0.742, all P values > 0.056).  However, a positive trend was detected between 
winter precipitation and population size for Waterfall Glen (r = 0.742, P=0.056). 
Phenology 
Population phenology 
 The population at Midewin bloomed between April 26
th
 and July 2
nd
 2010 and May 11
th
 
and June 29
th
 2011 (Figure 2). The peak of the blooming period was approximately May 22
nd  
in 
2010 and May 25
th  
during 2011. In 2010, blooming steeply declined after the 24
th
 and most 
plants were dead by the end of May. A few plants continued to bloom into June and very few 
made it to July 2010. The 2011 blooming period steeply declined after the 6
th
 of June with all 
plants dead by the 3
rd
 of July.    
Individual phenology 
 Minuartia plants bloomed on average for 21.5 days in 2010, with some individuals 
blooming as few as two days and others as many as forty-three days. In 2011, individuals 
bloomed between nine and forty-six days with an average blooming duration of 24.6 days. 
Generally, the plants with the short blooming period were partially browsed. On average, plants 
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produced 11.4 ± 2.62 flowers in 2010 and 22 ± 4.23 flowers in 2011. In 2010, the plants 
produced as many as 31 flowers and as few as 1. The observed individuals in 2011 produced as 
many as 59 and as few as 4 flowers.  
Flower phenology 
 Flower observations in 2010 and 2011 show that individual flowers lasted from 3-6 days 
with an average of 3.8 ± 0.3 days. The flower has two whorls of 5 stamens each with each 
stamen alternating between whorls. The whorls elongate in a counter-clockwise direction, with 
one whorl becoming taller than the other whorl. The stamen moves from the outside of the 
flower towards the center as it elongates and the anther moves from a vertical to a horizontal 
position. After the anther has dehisced, the stamen moves towards the outside of the floral cup. 
The filament remains in place after the anther has fallen. Stamens matured during the first two 
days after petals unfurled. The stigma and the style elongate and then separate into 3 parts, 
becoming twisted with visible papillae after the large majority of the anthers have fallen or no 
longer exhibit pollen. The maturation of the stigma occurred on average 2.28 ± 0.22 days after 
petals unfurled. Seed capsules typically were formed by day 8 of the floral cycle. Petals of open 
flowers typically closed in the evening and unfurled again the following morning. Flowers in late 
floral stage typically remained open all evening.  
Flower morphometrics 
 A statistically significant difference among pistil length for all floral stages was detected 
(F=25.397, P<0.001, Figure 3), confirming our categorization of developmental stages (i.e., late 
> intermediate > early).  Also, a significant difference was detected for style length depending on 
floral stage (H=32.794, P<0.001). Styles were longer in the late stage flowers compared to early 
or intermediate (Figure 4).  A significant interaction was found between stamen length category 
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(i.e., short, mid, and long) and flower stage (F = 5.468, P<0.001, Figure 5).  Each stamen length 
category was significantly different from each other with the exception of the long stamen when 
compared during the late and intermediate flower stages (Figure 5).  
Breeding system 
 A statistically significant difference was detected between pollinator-exclusion treatments 
for fruit set (F=21.759, P <0.001) and the interaction between treatment and year (F=18.787, P 
<0.001), but not between years (F=0.361, P =0.550). The caged plants had a greater mean fruit 
set in 2010 than in 2011, while open pollinated plants exhibited the reverse for mean fruit set.  A 
significant difference was detected between treatments for percent seed set (F=88.101, P <0.001, 
Figure 6), but not between years (F=0.383, P =0.539) or the interaction between treatment and 
year (F=1.051, P =0.310).  Seed set was greater for open pollinated plants than caged plants. 
Pollen to ovule ratio 
 Table 2 and 3 summarize the pollen and ovule data per population.  Mean pollen grains 
per stamen was 795.59 grains and per flower was 7,955.87 grains.  Mean number of ovules per 
flower was 46.64.  Overall no significant differences were detected among populations for ovule 
number (F=2.260, P=0.117) or amount of pollen (F=0.172, P=0.952). The pollen to ovule ratio 
for Minuartia patula was 170.73. 
Pollinator 
 Between 0 to 6 and 0 to 8 insect visitors were observed per 15 minute period in 2010 and 
2011 respectively. Three orders of insect visitors were observed, Diptera, Hymenoptera, and 
Lepidoptera in 2010. Only Diptera was observed in 2011. During the 2010 observations, 
temperatures approximately 3 inches above the dolomite pavement, where flowers were located, 
averaged 6.44±0.62⁰C higher than ambient temperatures. Temperatures varied from as little as 
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2.22⁰C higher than ambient to as much as 11.67⁰C higher than ambient during 2010. The 2011 
observation period averaged 9±0.62⁰C greater near flowers than ambient temperatures. 
Differences of as much as 12.22⁰C and as little as 5.56⁰C above ambient were observed during 
2011.  
Fruit and seed set 
 In 2010, significant differences were found for fruit set among populations (F = 21.280, P  
<0.001). Differences were detected for all populations when compared with Waterfall Glen and 
Durkee Road populations. No differences were detected between Midewin, Keepataw, and Des 
Plaines populations (Figure 7).  
In the case of populations with a two year data set (i.e., Des Plaines, Waterfall Glen and 
Midewin), significant differences were detected among all populations (F = 34.638, P <0.001; 
Figure 8). Differences were also present between years (F = 42.119, P  <0.001) and the 
interaction between site and year is also significant (F = 23.402, P  <0.001) for fruit set. Midewin 
had the highest fruit set (Figure 8). Fruit set was greater in 2011 than 2010. The interaction effect 
is the result of Midewin exhibiting no difference in percent fruit set between years and similar 
fruit set values with Des Plaines in 2011. 
In 2010, significant differences were detected among populations for percent seed set (F 
= 8.786, P <0.001). Midewin differed from all other populations for seed set (Figure 9).  In the 
case of sites with a two year data set (i.e., Des Plaines, Waterfall Glen, and Midewin) significant 
differences were found among populations (F = 21.597, P <0.001), but no differences were 
found between years (F = 0.783, P = 0.378) or the interaction between population and year (F = 
0.311, P = 0.733) for seed set. All populations differed from one another (Figure 10). 
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Seed germination 
 No significant differences were detected among populations for 2010 seed germination  
(F = 2.199 , P = 0.106, Figure 11).  In the case of sites with a two year data set (i.e., Des Plaines, 
Waterfall Glen, and Midewin) significant differences were found among populations (F = 4.363, 
P = 0.024), but no differences were found between years (F = 1.119, P = 0.301) or the interaction 
effect (F = 1.985, P = 0.159). Differences were found between Waterfall Glen and Des Plaines 
populations (Figure 12).   
Discussion 
 The data collected during this study has shown that Minuartia patula is self-compatible 
and has a mixed breeding system. In particular, M. patula can be considered a facultative 
autogamous species; in other words, a species that can self-pollinate prior to or during flower 
opening but will retain receptive stigmas for the possibility of cross pollination (Cruden 1977).  
This assessment is based on several lines of evidence.  Caged plants produced fruits and seeds.  
However, these plants had a lower fruit set and seed set when compared with uncaged plants.  
The pollen to ovule ratio of 170.73 is also indicative of a facultative autogamous breeding 
system, which can range from 146.4 to 190.6 (Cruden 1977). In addition, the floral phenology of 
Minuartia patula also supports both self pollination and cross pollination.  Reproductive 
structures are in close proximity (Figures 3 and 5), resulting in some self pollination.  However, 
the timing of elongation and dehiscing of the majority of the stamens occurs before the style has 
elongated and stigmas are receptive, increasing the chances for outcrossing and higher seed set 
(Figure 6). Three other members of this genus, Minuartia obtusiloba, Minuartia uniflora and 
Minuartia glabra possess mixed breeding systems with varying degrees of self compatibility.  
Minuartia obtusiloba also exhibits gynodioecy while M. uniflora exhibits increased selfing when 
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in close proximity to its congener, M. glabra (Wyatt 1984; Schrader 1986; Fishman and Wyatt 
1999; Fishman 2001).  
 Fruit set for M. patula was relatively high (i.e., above 60%), but seed set was less than 
40% with the exception of Midewin, which had 52.3%. In the breeding system study, open 
pollinated plants produced more seed than caged plants in both study years (Figure 6). This 
suggests that seed set is dependent on amount and quality of pollen. In general, most plant 
species require fertilization to trigger fruit production (Carbonell-Bejerano 2010). In the case of 
M. patula, enough pollen is present to trigger fruit formation but the amount or quality of pollen 
is insufficient to fertilize all the ovules resulting in high fruit set but lower seed set (Kunin 1993; 
Byers 1995). Lack of pollinators in general or insufficient rate of pollinator visitation could 
produce such an effect (Byers 1995). Several studies have shown a correlation between 
population size, pollinator activity, and seed set (Jennerston 1988; Feinsinger et al. 1991; Kunin 
1993; Byers 1995).  In this study, only a positive trend was found between seed set and 
population size in 2010 but not 2011.  This suggest that population size could play a role, but 
most likely other factors could be affecting pollinator activity.  For example, Molano-Flores et 
al. (1999) suggested that pollinator numbers and activity are influenced by temperature and/or 
precipitation, separate of population size.    
 Seed germination was always less than 60% for all populations.  Two previous 
germination studies have been conducted with this species. Caudle and Baskin (1968) observed a 
49-75% germination rate and Baskin and Baskin (1982) found a germination rate of 89-100% for 
M. patula seeds stored for several months. In a closely related species, Baskin and Baskin (1975) 
found that variation in germination rates were attributed in part to precipitation available during 
seed ripening.  However, later in the season, the germination rates seemed to equalize, making 
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this preconditioning effect on germination insignificant (Baskin and Baskin 1975; Baskin and 
Baskin 1982). This precipitation related effect on seed dormancy could be associated with the 
population flucuations exhibited by M. patula. Seeds produced during years with abundant 
precipitation would likely have more resources to produce seeds with increased dormancy. This 
might result in seeds that do not germinate the first fall after ripening but may germinate in later 
years. This would account for the sometimes large variation in population sizes as well as 
populations dissappearing and reappearing in later years.  Assessing the longevity of M. patula in 
the seed bank might also prove important in explaining germination rates.  In addition, many 
species also exhibit varied germination based on factors such as temperature, precipitation, and 
substrate (Cohen 1966; Farmer et al. 1986; Wu 1987; Meyer 1989; Philippi 1993). Additional 
research, examining composition and depth of substrate with temperature and precipitation might 
also show important differences in germination rates associated with M. patula. However, 
genetic issues created by small, isolated populations such as inbreeding depression cannot be 
ruled out (Menges 1991).  
 Of all the populations, Waterfall Glen had the lowest percent fruit and seed set for both 
study years but had the highest seed germination. Minuartia patula plants at the Waterfall Glen 
population appeared taller and with longer branches than the plants from other populations (M. 
Pearion, pers. obs.). These larger plants may have produced larger seeds with more endosperm, 
helping to ensure their germination. Other studies have found a positive relationship between 
seed biomass and germination (Wolf et al. 1986) as well as seedling survival (Eriksson 1999). 
Additional studies are needed to determine if a relationship exists between seed biomass and 
germination for M. patula.  
 Minuartia patula is a winter annual, meaning it germinates and forms a rosette in the fall, 
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overwinters and produces flowers the next spring (Turner and Quarterman 1975; Caiazza and 
Quinn 1980; Ware 1990; Flora of North America 1993). This life cycle is similar to that of many 
annual plants. Dolomite prairies are unique and harsh environments for vegetation with not only 
flooding but extreme drying due to lack of soil depth. The dolomite includes many plants with 
adaptations similar to those of desert plants, such as an annual life cycle (Edwards et al. 2004; 
Lawless et al. 2006; Duncan et al. 2008). The link between precipitation and desert annual 
population size has been well established (Beatley 1974; Rao 2010; Kimball 2011). However, 
despite the habitat similarities, no correlation was detected between population size and local 
weather data (i.e., precipitation and temperatures) for Minuartia patula. Weather events in this 
region can be highly localized (M. Pearion, pers. obs.), making it possible that weather data used 
for this study did not capture the true site conditions affecting the populations. In previous 
studies, population fluctuation of this species has been attributed to successional stage of the 
habitat, with younger, more open habitats supporting a higher population density (George and 
Nixon 1990; Baskin et al. 1995; Baskin and Baskin 1996; USDA Forest Service Eastern Region 
2003). The encroachment of invasive species or woody vegetation caused by lack of prescribed 
fire or other natural disturbances may affect the population size of M. patula.    
 In summary, this study suggests that Minuartia patula is a facultatively autogamous 
species, with outcrossing producing the highest seed set. The small size and fragmented nature of 
the dolomitic prairie habitat this species requires make population fluctuations a concern in that 
local extinctions are possible and opportunities for recolonization are limited. Further research 
into the genetics of M. patula, particularly inbreeding depression, may prove helpful when 
making future management decisions regarding this annual species.  
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FIGURES AND TABLES 
Table 1. Long term population size data for five Minuartia patula populations located in 
northeastern Illinois. Asterisk (*) denote data collected as part of this study. Hash marks (-) 
indicate years in which data were not collected. 
a
 In 2011 the Durkee Road site was destroyed by 
development. 
 
Study site 1989 1999 2002 2003 2004 2005 2006 2007 2008 2009 2010* 2011* 
Midewin - - - 3642 450 405 803 1988 4014 5539 2148 273 
Keepataw 3000 6191 - - - 352 13912 499 41458 381 19 0 
Waterfall 
Glen - - 102 - - - 219 173 526 428 163 26 
Durkee 
Road 
          
663 -a 
Des 
Plaines                     
8034 15105 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
29 
 
Table 2.  Maximum, minimum, and mean ovule numbers for three Minuartia patula populations 
found in northeastern Illinois.  
 
Population Maximum 
ovule 
number 
Minimum 
ovule 
number 
Mean ovule 
number 
Midewin 57 38 45.07 ± 1.56 
Waterfall Glen 61 38 49.60 ± 1.80 
Des Plaines 61 36 45.27 ± 1.75 
All Populations 61 36 46.64 ± 1.01 
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Table 3. Maximum and minimum pollen grains per stamen for three Minuartia patula 
populations located in northeastern Illinois. 
  
Population Max pollen 
total per 
stamen 
(grains) 
Min pollen 
total per 
stamen 
(grains) 
Mean pollen per 
stamen (grains) 
Midewin 1304 300 766.58 ± 31.31 
Waterfall Glen 1216 420 837.27 ± 57.33 
Des Plaines 1304 529 840.93 ± 54.25 
All Populations 1304 300 795.59 ± 24.55 
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Figure 1. Map of Minuartia patula study sites located in northeastern Illinois. Sites are located in 
two counties, Will and DuPage. The Keepataw and Waterfall Glen sites are located in close 
proximity to the Des Plaines River. Data for this project were collected in 2010 and 2011.  
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Figure 2. 2010 and 2011 Minuartia patula population phenology data for Midewin National 
Tallgrass Prairie, Will County, Illinois.  
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Figure 3. Mean (± standard error) pistil length of three floral stages associated with Minuartia 
patula flowers. Flowers collected at the Midewin National Tallgrass Prairie, Will County, 
Illinois.  
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Figure 4. Mean (± standard error) style length for three floral stages associated with Minuartia 
patula flowers. Flowers were collected at The Midewin National Tallgrass Prairie, Will County, 
Illinois.  
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Figure 5. Mean (± standard error) for three stamen length catagories associated with Minuartia 
patula flowers. Flowers were collected at The Midewin National Tallgrass Prairie, Will County, 
Illinois. 
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Figure 6. Mean (± standard error) for percent fruit set (A) and seed set (B) between caged vs 
open pollinated Minuartia patula individuals. Data were collected at the Midewin National 
Tallgrass Prairie, Will County, Illinois.   
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Figure 7. Mean (± standard error) percent fruit set for five Minuartia patula populations located 
in northeastern Illinois.  Differing letters indicate statistical differences (P <0.001). 
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Figure 8. Mean (± standard error) fruit set for three Minuartia patula populations located in 
northeastern Illinois with a two year data set. Differing letters indicate a statistical difference  
(P <0.001). 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a 
b 
c 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
Midewin Waterfall Glen Des Plaines 
P
e
rc
e
n
t 
fr
u
it
 s
e
t 
Population 
39 
 
 
Figure 9. Mean (± standard error) percent seed set for five Minuartia patula populations located 
in northeastern Illinois. Differing letters indicate a statistical difference (P <0.001).  
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Figure 10. Mean (± standard error) percent seed set for three Minuartia patula populations 
located in northeastern Illinois with a two year data set. Differing letters indicate a statistical 
difference (P <0.001).  
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Figure 11. Mean (± standard error) percent germination for five Minuartia patula populations 
located in northeastern Illinois. Differing letters indicate a statistical difference (P = 0.106). 
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Figure 12. Mean (± standard error) percent germination of three Minuartia patula populations 
found in northeastern Illinois with a two year data set. Letters indicate a statistical difference  
(P = 0.024). 
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CHAPTER 3: CONCLUSIONS AND MANAGEMENT RECOMMENDATIONS 
In Illinois, Minuartia patula (Caryophyllaceae) a native winter annual is found in 
dolomite prairies.  As part of a two year study, I determined population size and studied multiple 
aspects of the reproductive ecology of this species to assess if they were contributing to the rare 
status of this species.  Based on the results of this study, I found that Minuartia patula has high 
levels of fruit set but relatively low levels of seed set and seed germination.  In addition, the 
population size of Minuartia patula is not influencing reproductive success.  If land managers 
want to improve the seed set and seed germination in Minuartia patula, the habitat management 
recommendations made in this Chapter could have such an outcome.  The proposed 
recommendations have the potential of improving Minuartia patula's surrounding native flora 
and it might bring additional pollinators and/or increase visitation rates resulting in higher seed 
set levels and improve seed germination.  In addition, although I found evidence that population 
size fluctuates, such fluctuations were not related to weather conditions.  The lack of an 
association between population size and weather and population size and reproductive success 
could be an artifact of the absence of long-term data for many of the study populations.   
Recommendations 
 Management or re-introduction recommendations are provided for Des Plaines, Waterfall 
Glen, Midewin, and Keepataw.  In the case of Durkee Road no management recommendations 
are provided due to the destruction of the site. However, it should be noted that seeds from 
Durkee Road were collected and spread at Midewin National Tallgrass Prairie. 
Des Plaines 
This population is located adjacent to route 55 between the Arsenal Rd and Wilmington 
exits, Will County, IL. The Illinois Department of Natural Resources is responsible for the 
management of this location. Management activities at the Des Plaines location have included 
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regular prescribed burning and invasive woody and herbaceous control.  These management 
activities appear to have a positive effect on the Minuartia patula population at this site and 
should continue. Lastly, this population would benefit from long-term population monitoring as, 
to my knowledge, no such data are available for this site.  
Waterfall Glen 
The Waterfall Glen population is located on a thin strip of land between active railroad 
tracks and the Des Plaines River. This land is owned and managed by the Forest Preserve 
District of DuPage County. Flooding of the Des Plaines River is of particular concern for this 
population. Collection and storage of seed might prove helpful in the event of a large scale 
flooding event in which the entirety or majority of the population is eradicated. However, with 
the small size of this population, collection of seeds should be minimal and seeds should be 
regularly returned to the population. Regular prescribed burning and control of woody vegetation 
may prove helpful for the persistence of this population at the site. Population surveys are 
conducted at this site and should continue.  
Midewin 
The population located on Midewin National Tallgrass Prairie (Will County, IL) is 
managed by the US Forest Service. This population is located in the northwest corner of the 
property. Much of this population is concentrated around large expanses of exposed dolomite 
bedrock. Minuartia patula grow from the cracks as well as along the edges of these bedrock 
slabs. Encroaching vegetation consisting of exotic grasses and weeds is likely to compete with 
M. patula for resources. Regular prescribed burning and chemical or mechanical removal of 
exotic grass, forb, and woody species would reduce encroachment. Replacement of exotic 
grasses with native grasses might also prove beneficial. Flooding of these pavement sections 
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does happen regularly as a natural feature of this habitat. This does not appear to negatively 
impact the adult plants. However, if prolonged winter or early spring flooding was to occur when 
plants were in the rosette stage, the population may be negatively impacted. Removal of fences, 
ditches, and road beds would provide fewer barriers to seed dispersal and a more contiguous 
ecosystem, possibly opening up new areas for M. patula colonization. As restoration continues at 
Midewin, restored dolomitic areas will allow for the possibility of re-introduction of Minuartia 
patula. Continued population surveys are recommended.  
Keepataw 
The population located on the Keepataw Forest Preserve is managed by the Forest 
Preserve District of Will County, IL. This population is located in several colonies that are 
impacted by the Des Plaines River. Flooding is common and colonies have been absent during 
certain years or sometimes for multiple years. Habitat management (i.e., prescribed burning and 
woody vegetation control), seed banking, and re-introductions should be considered as part of 
the management plan for this species. Lastly, population monitoring should continue at this site.  
In conclusion, all these populations will benefit from habitat management (i.e., prescribed 
burning, control of exotics or encroaching vegetation through chemical or mechanical means). In 
addition, the continuation of long term population surveys is recommended for each study site. 
Future research into population genetics and pollinator guilds would likely benefit managers. 
Seed sharing may also be an option to increase diversity and fitness. Generally, populations of 
Minuartia patula can fluctuate considerably from year to year as do many annual plants. While 
this is of concern for a species with a narrow habitat restriction, the reproductive ecology of 
Minuartia patula does not point to a plant in immediate peril.  
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Appendix - raw data used in this study. 
Table 4: Weather and population data for five populations of Minuartia patula in northeastern 
Illinois. Smr=summer, Fal=fall, Win=winter.  Population sizes from the following year were 
used with temp and precipitation data from the preceeding summer and fall.  Values of -9.9 or  
-99.9 indicate data was unavailable. 
 
Population Year Population size Smr Precip Smr High temp Smr Low temp Smr Mean temp 
Keepataw 89 1988 3000 8.15 87.8 67 77.4 
Keepataw 89 1988 3000 10.74 62.1 44.8 53.5 
Keepataw 89 1989 3000 4.9 36.4 21.8 29.1 
Keepataw 89 1989 3000 6.18 58.2 40.5 49.4 
Keepataw 99 1998 6191 12.1 82.8 65.8 74.3 
Keepataw 99 1998 6191 10.95 66 49.6 57.8 
Keepataw 99 1999 6191 7.06 39.4 24.6 32 
Keepataw 99 1999 6191 12.65 60.4 43.3 51.9 
Waterfall Glen 2001 102 13.22 82.5 65.6 74.1 
Waterfall Glen 2001 102 11.63 64.2 48.2 56.2 
Waterfall Glen 2002 102 3.68 40.9 27.4 34.2 
Waterfall Glen 2002 102 14.03 56.7 39.1 47.9 
Midewin 03 2002 3642 5.91 84.9 63.1 74 
Midewin 03 2002 3642 4.5 62.4 40.7 51.6 
Midewin 03 2003 3642 1.79 32.1 15 23.6 
Midewin 03 2003 3642 10.64 59.6 37.6 48.6 
Midewin 04 2003 450 12.6 82.2 60.8 71.5 
Midewin 04 2003 450 9 63.5 42.5 53 
Midewin 04 2004 450 2.98 34.2 17.7 26 
Midewin 04 2004 450 11.01 62.9 41.1 52 
Midewin 05 2004 405 15.97 79.4 58.4 68.9 
Keepataw 05 2004 352 12.41 79.4 62.2 70.8 
Midewin 05 2004 405 7.14 65.3 44.5 54.9 
Keepataw 05 2004 352 8.3 64.3 48.8 56.6 
Midewin 05 2005 405 8.42 36.5 20.8 28.7 
Keepataw 05 2005 352 9.48 35.8 23.5 29.7 
Midewin 05 2005 405 6.01 60.1 36.6 48.4 
Keepataw 05 2005 352 5.17 58.6 40 49.3 
Midewin 06 2005 803 12.31 85.7 63.5 74.6 
Keepataw 06 2005 13912 4.58 85.4 67.9 76.7 
Waterfall Glen 06 2005 219 4.58 85.4 67.9 76.7 
Midewin 06 2005 803 4.35 67.9 44.9 56.4 
Keepataw 06 2005 13912 5.73 65.8 48.5 57.2 
Waterfall Glen 06 2005 219 5.73 65.8 48.5 57.2 
Midewin 06 2006 803 5.01 38.1 21.6 29.9 
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Table 4(cont.) 
      
Population Year Population size Spr Precip Spr High temp Spr Low temp Spr Mean temp 
Keepataw 06 2006 13912 6.19 36.2 23.6 29.9 
Waterfall Glen 06 2006 219 6.19 36.2 23.6 29.9 
Midewin 06 2006 803 11.38 62.4 41.3 51.9 
Keepataw 06 2006 13912 10.22 60 42.9 51.5 
Waterfall Glen 06 2006 219 10.22 60 42.9 51.5 
Midewin 07 2006 1988 13.67 83.6 62.7 73.2 
Keepataw 07 2006 499 15.23 82.2 66.2 74.2 
Waterfall Glen 07 2006 173 15.23 82.2 66.2 74.2 
Midewin 07 2006 1988 12.37 63.2 43.2 53.2 
Keepataw 07 2006 499 13.92 61 46.1 53.6 
Waterfall Glen 07 2006 173 13.92 61 46.1 53.6 
Midewin 07 2007 1988 5.88 35.4 18.7 27.1 
Keepataw 07 2007 499 8.44 35.2 23.1 29.2 
Waterfall Glen 07 2007 173 8.44 35.2 23.1 29.2 
Midewin 07 2007 1988 9.39 64.4 41.8 53.1 
Keepataw 07 2007 499 9.5 61.6 42.6 52.1 
Waterfall Glen 07 2007 173 9.5 61.6 42.6 52.1 
Midewin 08 2007 4014 17.33 84 63.2 73.7 
Keepataw 08 2007 41458 16.04 82.5 65.8 74.2 
Waterfall Glen 08 2007 526 16.04 82.5 65.8 74.2 
Midewin 08 2007 4014 5.81 67.9 44.7 56.3 
Keepataw 08 2007 41458 5.59 65.1 48.2 56.7 
Waterfall Glen 08 2007 526 5.59 65.1 48.2 56.7 
Midewin 08 2008 4014 7.97 32.2 15.9 24.1 
Keepataw 08 2008 41458 10.67 32.7 19.2 26 
Waterfall Glen 08 2008 526 10.67 32.7 19.2 26 
Midewin 08 2008 4014 7.14 56.7 36.1 46.4 
Keepataw 08 2008 41458 8.97 56.5 39.1 47.8 
Waterfall Glen 08 2008 526 8.97 56.5 39.1 47.8 
Midewin 09 2008 5539 8.72 82.6 60.6 71.6 
Keepataw 09 2008 381 10.92 82.5 64.6 73.6 
Waterfall Glen 09 2008 428 10.92 82.5 64.6 73.6 
Midewin 09 2008 5539 15.09 66.3 46.4 56.4 
Keepataw 09 2008 381 14.81 61.5 46.2 53.9 
Waterfall Glen 09 2008 428 14.81 61.5 46.2 53.9 
Midewin 09 2009 5539 -9.99 -99.9 -99.9 -99 
Keepataw 09 2009 381 11.39 31.4 15.6 23.5 
Waterfall Glen 09 2009 428 11.39 31.4 15.6 23.5 
Midewin 09 2009 5539 19.13 59.7 38.3 49 
Keepataw 09 2009 381 17.04 59.2 41.3 50.3 
Waterfall Glen 09 2009 428 17.04 59.2 41.3 50.3 
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Table 4(cont.)       
Population Year Population size Smr Precip Smr High temp Smr Low temp Smr Mean temp 
Midewin 10 2009 2148 15.18 78.6 59.3 69 
Keepataw 10 2009 19 11.83 78.5 62.4 70.5 
Waterfall Glen 10 2009 163 11.83 78.5 62.4 70.5 
Durkee Rd 10 2009 663 15.18 78.6 59.3 69 
Des Plaines 10 2010 8034 15.18 78.6 59.3 69 
Midewin 10 2009 2148 8.01 64.6 45.6 55.1 
Keepataw 10 2009 19 9.5 60.9 46.7 53.8 
Waterfall Glen 10 2009 163 9.5 60.9 46.7 53.8 
Durkee Rd 10 2009 663 8.01 64.6 45.6 55.1 
Des Plaines 10 2009 8034 8.01 64.6 45.6 55.1 
Midewin 10 2010 2148 3.87 30.5 16.5 23.5 
Keepataw 10 2010 19 5.53 31.4 20.5 26 
Waterfall Glen 10 2010 163 5.53 31.4 20.5 26 
Durkee Rd 10 2010 663 3.87 30.5 16.5 23.5 
Des Plaines 10 2010 8034 3.87 30.5 16.5 23.5 
Midewin 10 2010 2148 9.66 63.9 41.8 52.8 
Keepataw 10 2010 19 12.38 62.6 44.9 53.7 
Waterfall Glen 10 2010 163 12.38 62.6 44.9 53.7 
Durkee Rd 10 2010 663 9.66 63.9 41.8 52.8 
Des Plaines 10 2010 8034 9.66 63.9 41.8 52.8 
Midewin 11 2010 273 -9.99 -99.9 -99.9 -99.9 
Keepataw 11 2010 0 20.55 84.2 67.5 75.9 
Waterfall Glen 11 2010 26 20.55 84.2 67.5 75.9 
Des Plaines 11 2010 15105 -9.99 -99.9 -99.9 -99.9 
Midewin 11 2010 273 -9.99 -99.9 -99.9 -99.9 
Keepataw 11 2010 0 6.38 64.3 46.3 55.3 
Waterfall Glen 11 2010 26 6.38 64.3 46.3 55.3 
Des Plaines 11 2010 15105 -9.99 -99.9 -99.9 -99.9 
Midewin 11 2011 273 -9.99 31.4 16 23.7 
Keepataw 11 2011 0 7.86 30.5 18.1 24.3 
Waterfall Glen 11 2011 26 7.86 30.5 18.1 24.3 
Des Plaines 11 2011 15105 -9.99 31.4 16 23.7 
Midewin 11 2011 273 14.39 58.5 40.1 49.3 
Keepataw 11 2011 0 13.37 55.9 40 47.9 
Waterfall Glen 11 2011 26 13.37 55.9 40 47.9 
Des Plaines 11 2011 15105 14.39 58.5 40.1 49.3 
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Table 5: Pistil and style length for three floral stages of Minuartia patula flowers collected at the 
Midewin National Tallgrass Prairie, Will Co., Illinois. Data were collected in 2011. 
Stage Individual ID Pistil length(mm) Style length (mm) 
Early A 3 1 
Early B 2 1 
Early C 1.75 0.75 
Early D 2.25 0.75 
Early E 1.75 0.75 
Early F 2.5 1 
Early G 3 1 
Early H 2 0.75 
Early I 2 0.75 
Early J 2.5 1 
Early K 2 0.5 
Early L 3 1 
Early M 2 0.5 
Early N 2 0.75 
Early O 2 0.75 
Early P 2 0.75 
Early Q 2.25 0.5 
Early R 2.25 1 
Early S 2.25 0.75 
Early T 2.5 1 
Intermediate A 2.75 1 
Intermediate B 2.5 1 
Intermediate C 3.5 1 
Intermediate D 4 1 
Intermediate E 2.75 1 
Intermediate F 2.5 0.75 
Intermediate G 3 1 
Intermediate H 2.25 1 
Intermediate I 2.25 0.75 
Intermediate J 2.75 1 
Intermediate K 2.75 1 
Intermediate L 2 0.75 
Intermediate M 2.5 1 
Intermediate N 2.25 1 
Intermediate O 2.25 1 
Intermediate P 3 1.25 
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Table 5(cont.) 
   Stage Individual ID Pistil length(mm) Style length (mm) 
Intermediate Q 2.75 1 
Intermediate R 2.25 0.75 
Intermediate S 2 0.75 
Intermediate T 2.5 1 
Late A 4 2 
Late B 3 1.25 
Late C 5 1.75 
Late D 4 2 
Late E 3.5 2 
Late F 3 1 
Late G 3 1 
Late H 3 1.5 
Late I 3.25 1.25 
Late J 3.75 2 
Late K 4 2 
Late L 3.75 1.75 
Late M 3.5 2 
Late N 3.25 1.25 
Late O 4.25 2 
Late P 2 1 
Late Q 3.75 2 
Late R 3 1.25 
Late S 3.25 1 
Late T 2.5 1.25 
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Table 6: Stamen length for three floral stages of Minuartia patula flowers collected at Midewin 
National Tallgrass Prairie, Will Co., Illinois. Data were collected in 2011. 
 
Stage Individual ID Stamen stage Stamen Length (mm) 
Early A Short 2 
Early B Short 2 
Early C Short 1.75 
Early D Short 2 
Early E Short 1.25 
Early F Short 2 
Early G Short 2 
Early H Short 1.5 
Early I Short 2 
Early J Short 2 
Early K Short 1.5 
Early L Short 2.25 
Early M Short 2 
Early N Short 1.5 
Early O Short 2 
Early P Short 1.5 
Early Q Short 1.5 
Early R Short 1.25 
Early S Short 1.5 
Early T Short 2 
Early A Intermediate 3 
Early B Intermediate 3 
Early C Intermediate 3 
Early D Intermediate 3 
Early E Intermediate 2 
Early F Intermediate 2.5 
Early G Intermediate 3 
Early H Intermediate 2 
Early I Intermediate 3 
Early J Intermediate 2.75 
Early K Intermediate 2 
Early L Intermediate 3 
Early M Intermediate 3.5 
Early N Intermediate 2 
Early O Intermediate 3 
Early P Intermediate 2.5 
Early Q Intermediate 3 
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Table 6(cont.) 
   Stage Individual ID Stamen stage Stamen Length (mm)
Early R Intermediate 1.75 
Early S Intermediate 2.25 
Early T Intermediate 3 
Early A Long 4 
Early B Long 4 
Early C Long 4 
Early D Long 4 
Early E Long 4 
Early F Long 4 
Early G Long 4 
Early H Long 4 
Early I Long 4.5 
Early J Long 3.75 
Early K Long 4 
Early L Long 4 
Early M Long 4 
Early N Long 3 
Early O Long 4.5 
Early P Long 4.25 
Early Q Long 4.25 
Early R Long 4 
Early S Long 3.5 
Early T Long 4.25 
Intermediate A Short 2.75 
Intermediate B Short 2 
Intermediate C Short 2 
Intermediate D Short 2.5 
Intermediate E Short 3 
Intermediate F Short 2 
Intermediate G Short 3 
Intermediate H Short 2 
Intermediate I Short 2 
Intermediate J Short 2.75 
Intermediate K Short 3.5 
Intermediate L Short 2 
Intermediate M Short 2.75 
Intermediate N Short 3.25 
Intermediate O Short 2 
Intermediate P Short 4 
Intermediate Q Short 1 
Intermediate R Short 2.75 
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Table 6(cont.) 
   Stage Individual ID Stamen stage Stamen Length (mm)
Intermediate S Short 2 
Intermediate T Short 2.5 
Intermediate A Intermediate 4.5 
Intermediate B Intermediate 3 
Intermediate C Intermediate 3 
Intermediate D Intermediate 3 
Intermediate E Intermediate 4 
Intermediate F Intermediate 3 
Intermediate G Intermediate 3.75 
Intermediate H Intermediate 4 
Intermediate I Intermediate 3 
Intermediate J Intermediate 3.25 
Intermediate K Intermediate 4.25 
Intermediate L Intermediate 3 
Intermediate M Intermediate 3 
Intermediate N Intermediate 3.5 
Intermediate O Intermediate 3 
Intermediate P Intermediate 4.5 
Intermediate Q Intermediate 3.75 
Intermediate R Intermediate 3 
Intermediate S Intermediate 3 
Intermediate T Intermediate 3 
Intermediate A Long 4.75 
Intermediate B Long 4 
Intermediate C Long 5 
Intermediate D Long 4.25 
Intermediate E Long 4.75 
Intermediate F Long 4.5 
Intermediate G Long 5 
Intermediate H Long 5 
Intermediate I Long 4 
Intermediate J Long 5 
Intermediate K Long 5.25 
Intermediate L Long 4 
Intermediate M Long 4.25 
Intermediate N Long 5 
Intermediate O Long 4.5 
Intermediate P Long 5 
Intermediate Q Long 4 
Intermediate R Long 4.75 
Intermediate S Long 4.5 
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Table 6(cont.) 
   Stage Individual ID Stamen stage Stamen Length (mm)
Intermediate T Long 5.25 
Late A Short 4 
Late B Short 4 
Late C Short 5.25 
Late D Short 4 
Late E Short 3.5 
Late F Short 4.25 
Late G Short 3.25 
Late H Short 3.25 
Late I Short 3.5 
Late J Short 3.75 
Late K Short 3.25 
Late L Short 3.75 
Late M Short 3.75 
Late N Short 3 
Late O Short 3.5 
Late P Short 2.75 
Late Q Short 3.5 
Late R Short 3 
Late S Short 3.75 
Late T Short 2.5 
Late A Intermediate 4 
Late B Intermediate 5 
Late C Intermediate 5 
Late D Intermediate 4.25 
Late E Intermediate 4 
Late F Intermediate 4.75 
Late G Intermediate 3.5 
Late H Intermediate 4 
Late I Intermediate 4 
Late J Intermediate 4.25 
Late K Intermediate 4 
Late L Intermediate 4.25 
Late M Intermediate 4.25 
Late N Intermediate 3.75 
Late O Intermediate 4 
Late P Intermediate 3.25 
Late Q Intermediate 4.25 
Late R Intermediate 4 
Late S Intermediate 4 
Late T Intermediate 3.25 
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Table 6(cont.) 
   Stage Individual ID Stamen stage Stamen Length (mm)
Late A Long 5 
Late B Long 5.5 
Late C Long 6 
Late D Long 5 
Late E Long 5 
Late F Long 5.25 
Late G Long 5 
Late H Long 5 
Late I Long 5 
Late J Long 5 
Late K Long 4 
Late L Long 5.5 
Late M Long 4.75 
Late N Long 4.75 
Late O Long 4.25 
Late P Long 4 
Late Q Long 5 
Late R Long 4.25 
Late S Long 5 
Late T Long 4 
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Table 7: Pollen counts for three stamen lenghts associated with Minuartia patula flowers.  Data 
were collected for three populations in northeastern Illinois in 2011. 
 
Population 
individual 
ID 
Longest 
stamen 
Intermediate 
stamen 
Shortest 
stamen 
Midewin 1 855 993 831 
Midewin 2 300 350 637 
Midewin 3 682 656 570 
Midewin 4 729 690 545 
Midewin 5 797 821 745 
Midewin 6 442 481 631 
Midewin 7 1022 960 860 
Midewin 8 784 954 757 
Midewin 9 639 795 776 
Midewin 10 729 987 1097 
Midewin 11 920 948 879 
Midewin 12 592 665 715 
Midewin 13 1304 1274 975 
Midewin 14 847 639 837 
Midewin 15 622 541 623 
DesPlaines 1 618 
  DesPlaines 2 865 
  DesPlaines 3 625 
  DesPlaines 4 1304 
  DesPlaines 5 529 
  DesPlaines 6 
 
735 
 DesPlaines 7 
 
1124 
 DesPlaines 8 
 
967 
 DesPlaines 9 
 
730 
 DesPlaines 10 
 
674 
 DesPlaines 11 
  
1012 
DesPlaines 12 
  
991 
DesPlaines 13 
  
886 
DesPlaines 14 
  
781 
DesPlaines 15 
  
773 
WaterfallGlen 1 1216 
  WaterfallGlen 2 743 
  WaterfallGlen 3 1139 
  WaterfallGlen 4 420 
  WaterfallGlen 5 812 
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Table 7(cont.) 
    
Population 
individual 
ID 
Longest 
stamen 
Intermediate 
stamen 
Shortest 
stamen 
WaterfallGlen 6 
 
518 
 WaterfallGlen 7 
 
940 
 WaterfallGlen 8 
 
841 
 WaterfallGlen 9 
 
866 
 WaterfallGlen 10 
 
891 
 WaterfallGlen 11 
  
1042 
WaterfallGlen 12 
  
518 
WaterfallGlen 13 
  
941 
WaterfallGlen 14 
  
811 
WaterfallGlen 15 
  
861 
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Table 8: Percent seed germination for five populations of Minuartia patula in northeastern 
Illinois. Data were collected in 2010 and 2011. 
Year Population dish # %  germination 
2010 Waterfall Glen  1 50 
2010 Waterfall Glen  2 40 
2010 Waterfall Glen  3 65 
2010 Waterfall Glen  4 45 
2010 Waterfall Glen  5 55 
2010 Durkee Rd  1 60 
2010 Durkee Rd  2 65 
2010 Durkee Rd  3 60 
2010 Durkee Rd  4 45 
2010 Durkee Rd  5 55 
2010 Des Plaines  1 50 
2010 Des Plaines  2 30 
2010 Des Plaines  3 45 
2010 Des Plaines  4 35 
2010 Des Plaines  5 50 
2010 Midewin  1 50 
2010 Midewin  2 65 
2010 Midewin  3 75 
2010 Midewin  4 60 
2010 Midewin  5 55 
2010 Keepataw  1 28.57142857 
2010 Keepataw  2 66.66666667 
2010 Keepataw  3 33.33333333 
2010 Keepataw  4 66.66666667 
2010 Keepataw  5 33.33333333 
2011 Waterfall Glen 1 70 
2011 Waterfall Glen 2 40 
2011 Waterfall Glen 3 85 
2011 Waterfall Glen 4 80 
2011 Waterfall Glen 5 65 
2011 Des Plaines 1 50 
2011 Des Plaines 2 55 
2011 Des Plaines 3 50 
2011 Des Plaines 4 50 
2011 Des Plaines 5 25 
2011 Midewin 1 70 
2011 Midewin 2 75 
2011 Midewin 3 35 
2011 Midewin 4 50 
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Table 8(cont.) 
   Year Population dish # %  germination 
2011 Midewin 5 45 
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Table 9: Breeding system fruit and seed set data for Minuartia patula collected at Midewin 
National Tallgrass Prairie, Will Co., Illinois in 2010 and 2011. Bagged indicates pollinator 
exclusion cage was used. 
 
Year Treatment 
individual 
ID 
# non-
pollinated 
# 
fruit Fruit set 
Viable 
seed per 5 
capsules 
%Seed Set w 
mean ovule  
2010 bagged A 7 10 58.82352941 1 0.4291845 
2010 bagged B 15 40 72.72727273 33 14.1630901 
2010 bagged C 10 78 88.63636364 3 1.2875536 
2010 bagged D 9 40 81.63265306 36 15.4506438 
2010 bagged E 3 12 80 0 0 
2010 bagged F 1 14 93.33333333 47 20.1716738 
2010 bagged G 2 16 88.88888889 44 18.8841202 
2010 bagged H 11 60 84.50704225 72 30.9012876 
2010 bagged I 1 13 92.85714286 37 15.8798283 
2010 unbagged A 15 106 87.60330579 169 72.5321888 
2010 unbagged B 13 57 81.42857143 194 83.2618026 
2010 unbagged C 5 67 93.05555556 154 66.0944206 
2010 unbagged D 19 86 81.9047619 152 65.2360515 
2010 unbagged E 9 60 86.95652174 93 39.9141631 
2010 unbagged F 12 80 86.95652174 138 59.2274678 
2010 unbagged G 6 42 87.5 134 57.5107296 
2010 unbagged H 4 26 86.66666667 137 58.7982833 
2010 unbagged I 7 21 75 123 52.7896996 
2010 unbagged J 8 37 82.22222222 147 63.0901288 
2010 unbagged K 23 143 86.14457831 133 57.0815451 
2010 unbagged L 3 14 82.35294118 112 48.0686695 
2010 unbagged M 6 17 73.91304348 124 53.2188841 
2010 unbagged N 3 22 88 92 39.4849785 
2010 unbagged O 5 21 80.76923077 14 6.0085837 
2010 unbagged P 3 23 88.46153846 0 0 
2010 unbagged Q 20 48 70.58823529 59 25.3218884 
2010 unbagged R 4 26 86.66666667 131 56.223176 
2010 unbagged S 3 28 90.32258065 135 57.9399142 
2010 unbagged T 4 20 83.33333333 154 66.0944206 
2011 bagged A 13 93 87.73584906 43 18.4549356 
2011 bagged B 6 6 50 1 0.4291845 
2011 bagged C 2 7 77.77777778 20 8.583691 
2011 bagged D 3 6 66.66666667 5 2.1459227 
2011 bagged E 3 2 40 0 0 
2011 bagged F 2 2 50 3 1.2875536 
2011 bagged G 3 12 80 5 2.1459227 
2011 bagged H 2 8 80 25 10.7296137 
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Table 9(cont.) 
       
Year Treatment 
individual 
ID 
# non-
pollinated 
# 
fruit Fruit set 
Viable 
seed per 5 
capsules 
%Seed Set w 
mean ovule 
2011 unbagged A 3 18 85.71428571 92 39.4849785 
2011 unbagged B 5 32 86.48648649 182 78.111588 
2011 unbagged C 3 16 84.21052632 124 53.2188841 
2011 unbagged D 3 17 85 103 44.2060086 
2011 unbagged E 7 93 93 115 49.3562232 
2011 unbagged F 2 61 96.82539683 200 85.8369099 
2011 unbagged G 5 46 90.19607843 123 52.7896996 
2011 unbagged H 3 37 92.5 90 38.6266094 
2011 unbagged I 1 23 95.83333333 115 49.3562232 
2011 unbagged J 2 46 95.83333333 116 49.7854077 
2011 unbagged K 1 7 87.5 74 31.7596567 
2011 unbagged L 0 32 100 137 58.7982833 
2011 unbagged M 3 59 95.16129032 117 50.2145923 
2011 unbagged N 4 35 89.74358974 101 43.3476395 
2011 unbagged O 0 28 100 116 49.7854077 
2011 unbagged P 0 19 100 94 40.3433476 
2011 unbagged Q 5 15 75 156 66.9527897 
2011 unbagged R 4 57 93.44262295 105 45.0643777 
2011 unbagged S 3 24 88.88888889 137 58.7982833 
2011 unbagged T 4 61 93.84615385 185 79.3991416 
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Table 10: Fruit and seed set data for Minuartia patula. Data were collected from five populations 
in northeastern Illinois in 2010 and 2011. 
 
Year 
Des 
Plaines 
In
d
iv
id
u
al
 ID
 
# 
n
o
n
 
p
o
lli
n
at
ed
 
fl
o
w
er
s 
# 
fr
u
it
 
  
Fruit set 
Viable 
seed 
% seed set using mean 
ovule 
2010 DP A 5 85 94.44444444 103 44.2060086 
2010 DP B 7 32 82.05128205 70 30.0429185 
2010 DP C 20 85 80.95238095 149 63.9484979 
2010 DP D 12 47 79.66101695 57 24.4635193 
2010 DP E 15 57 79.16666667 73 31.3304721 
2010 DP F 6 62 91.17647059 146 62.6609442 
2010 DP G 15 84 84.84848485 134 57.5107296 
2010 DP H 4 49 92.45283019 125 53.6480687 
2010 DP I 11 63 85.13513514 86 36.9098712 
2010 DP J 5 47 90.38461538 13 5.5793991 
2010 DP K 13 49 79.03225806 81 34.7639485 
2010 DP L 6 50 89.28571429 68 29.1845494 
2010 DP M 5 39 88.63636364 45 19.3133047 
2010 DP N 5 21 80.76923077 41 17.5965665 
2010 DP O 15 63 80.76923077 70 30.0429185 
2010 DP P 6 23 79.31034483 75 32.1888412 
2010 DP Q 3 27 90 61 26.1802575 
2010 DP R 3 15 83.33333333 74 31.7596567 
2010 DP S 8 27 77.14285714 91 39.055794 
2010 DP T 5 45 90 86 36.9098712 
2010 WG A 3 12 80 67 28.7553648 
2010 WG B 5 24 82.75862069 114 48.9270386 
2010 WG C 3 6 66.66666667 51 21.888412 
2010 WG D 5 9 64.28571429 62 26.6094421 
2010 WG E 6 8 57.14285714 35 15.0214592 
2010 WG F 11 12 52.17391304 39 16.7381974 
2010 WG G 5 8 61.53846154 41 17.5965665 
2010 WG H 8 14 63.63636364 68 29.1845494 
2010 WG I 13 8 38.0952381 93 39.9141631 
2010 WG J 6 11 64.70588235 41 17.5965665 
2010 WG K 4 10 71.42857143 65 27.8969957 
2010 WG L 5 15 75 109 46.7811159 
2010 WG M 4 7 63.63636364 17 7.2961373 
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Table 10(cont.) 
 
   
  
  
Year 
Des 
Plaines 
In
d
iv
id
u
al
 
ID
 
# 
n
o
n
 
p
o
lli
n
at
ed
 
fl
o
w
er
s 
# 
fr
u
it
 
  
Fruit set 
Viable 
seed 
% seed set using mean 
ovule 
2010 WG N 4 7 63.63636364 56 24.0343348 
2010 WG O 13 16 55.17241379 96 41.2017167 
2010 WG P 19 10 34.48275862 62 26.6094421 
2010 WG Q 12 20 62.5 74 31.7596567 
2010 WG R 12 12 50 83 35.6223176 
2010 WG S 6 12 66.66666667 80 34.3347639 
2010 WG T 19 30 61.2244898 57 24.4635193 
2010 Keepataw A 1 7 87.5 16 17.167382 
2010 Keepataw B 2 8 80 2 1.0729614 
2010 Keepataw C 0 6 100 9 6.4377682 
2010 Durkee Rd A 4 25 86.20689655 18 7.7253219 
2010 Durkee Rd B 8 26 76.47058824 121 51.9313305 
2010 Durkee Rd C 19 42 68.85245902 51 21.888412 
2010 Durkee Rd D 16 47 74.6031746 103 44.2060086 
2010 Durkee Rd E 17 13 43.33333333 31 13.304721 
2010 Durkee Rd F 13 39 75 62 26.6094421 
2010 Durkee Rd G 9 14 60.86956522 58 24.8927039 
2010 Durkee Rd H 15 24 61.53846154 54 23.1759657 
2010 Durkee Rd I 2 17 89.47368421 19 8.1545064 
2010 Durkee Rd J 10 27 72.97297297 130 55.7939914 
2010 Durkee Rd K 14 16 53.33333333 56 24.0343348 
2010 Durkee Rd L 7 19 73.07692308 44 18.8841202 
2010 Durkee Rd M 8 17 68 23 9.8712446 
2010 Durkee Rd N 5 32 86.48648649 135 57.9399142 
2010 Durkee Rd O 8 39 82.9787234 41 17.5965665 
2010 Durkee Rd P 2 13 86.66666667 73 31.3304721 
2010 Durkee Rd Q 2 12 85.71428571 95 40.7725322 
2010 Durkee Rd R 5 16 76.19047619 96 41.2017167 
2010 Durkee Rd S 8 30 78.94736842 114 48.9270386 
2010 Midewin A 15 106 87.60330579 169 72.5321888 
2010 Midewin B 13 57 81.42857143 194 83.2618026 
2010 Midewin C 5 67 93.05555556 154 66.0944206 
2010 Midewin D 19 86 81.9047619 152 65.2360515 
2010 Midewin E 9 60 86.95652174 93 39.9141631 
2010 Midewin F 12 80 86.95652174 138 59.2274678 
2010 Midewin G 6 42 87.5 134 57.5107296 
2010 Midewin H 4 26 86.66666667 137 58.7982833 
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Table 10(cont.) 
 
   
  
 
Year 
Des 
Plaines 
In
d
iv
id
u
al
 
ID
 
# 
n
o
n
 
p
o
lli
n
at
ed
 
fl
o
w
er
s 
# 
fr
u
it
 
  
Fruit set 
Viable 
seed 
% seed set using mean 
ovule 
2010 Midewin I 7 21 75 123 52.7896996 
2010 Midewin J 8 37 82.22222222 147 63.0901288 
2010 Midewin K 23 143 86.14457831 133 57.0815451 
2010 Midewin L 3 14 82.35294118 112 48.0686695 
2010 Midewin M 6 17 73.91304348 124 53.2188841 
2010 Midewin N 3 22 88 92 39.4849785 
2010 Midewin O 5 21 80.76923077 14 6.0085837 
2010 Midewin P 3 23 88.46153846 0 0 
2010 Midewin Q 20 48 70.58823529 59 25.3218884 
2010 Midewin R 4 26 86.66666667 131 56.223176 
2010 Midewin S 3 28 90.32258065 135 57.9399142 
2010 Midewin T 4 20 83.33333333 154 66.0944206 
2011 DP A 3 22 88 24 10.3004292 
2011 DP B 4 11 73.33333333 187 80.2575107 
2011 DP C 2 7 77.77777778 175 75.1072961 
2011 DP D 3 18 85.71428571 83 35.6223176 
2011 DP E 7 21 75 138 59.2274678 
2011 DP F 7 12 63.15789474 81 34.7639485 
2011 DP G 7 13 65 193 82.832618 
2011 DP H 2 9 81.81818182 130 55.7939914 
2011 DP I 2 11 84.61538462 109 46.7811159 
2011 DP J 1 23 95.83333333 109 46.7811159 
2011 DP K 1 26 96.2962963 74 31.7596567 
2011 DP L 6 7 53.84615385 80 34.3347639 
2011 DP M 4 33 89.18918919 58 24.8927039 
2011 DP N 12 16 57.14285714 32 13.7339056 
2011 DP O 3 21 87.5 69 29.6137339 
2011 DP P 5 45 90 88 37.7682403 
2011 DP Q 0 13 100 67 28.7553648 
2011 DP R 1 15 93.75 15 6.4377682 
2011 DP S 8 13 61.9047619 140 60.0858369 
2011 DP T 0 30 100 70 30.0429185 
2011 WG A 17 91 84.25925926 48 20.6008584 
2011 WG B 11 54 83.07692308 83 35.6223176 
2011 WG C 10 71 87.65432099 66 28.3261803 
2011 WG D 6 23 79.31034483 25 10.7296137 
2011 WG E 5 21 80.76923077 31 13.304721 
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Table 10(cont.) 
 
   
  
 
Year 
Des 
Plaines 
In
d
iv
id
u
al
 ID
 
# 
n
o
n
 
p
o
lli
n
at
ed
 
fl
o
w
er
s 
# 
fr
u
it
 
  
Fruit set 
Viable 
seed 
% seed set using mean 
ovule 
2011 WG F 6 25 80.64516129 42 18.0257511 
2011 WG G 7 50 87.71929825 93 39.9141631 
2011 WG H 10 37 78.72340426 59 25.3218884 
2011 WG I 5 44 89.79591837 74 31.7596567 
2011 WG J 9 35 79.54545455 94 40.3433476 
2011 WG K 8 62 88.57142857 51 21.888412 
2011 WG L 5 34 87.17948718 74 31.7596567 
2011 WG M 11 44 80 49 21.0300429 
2011 WG N 9 38 80.85106383 75 32.1888412 
2011 WG O 10 81 89.01098901 76 32.6180258 
2011 WG P 3 26 89.65517241 15 6.4377682 
2011 WG Q 4 17 80.95238095 88 37.7682403 
2011 WG R 10 90 90 149 63.9484979 
2011 WG S 5 26 83.87096774 48 20.6008584 
2011 WG T 3 20 86.95652174 81 34.7639485 
2011 Midewin A 3 18 85.71428571 92 39.4849785 
2011 Midewin B 5 32 86.48648649 182 78.111588 
2011 Midewin C 3 16 84.21052632 124 53.2188841 
2011 Midewin D 3 17 85 103 44.2060086 
2011 Midewin E 7 93 93 115 49.3562232 
2011 Midewin F 2 61 96.82539683 200 85.8369099 
2011 Midewin G 5 46 90.19607843 123 52.7896996 
2011 Midewin H 3 37 92.5 90 38.6266094 
2011 Midewin I 1 23 95.83333333 115 49.3562232 
2011 Midewin J 2 46 95.83333333 116 49.7854077 
2011 Midewin K 1 7 87.5 74 31.7596567 
2011 Midewin L 0 32 100 137 58.7982833 
2011 Midewin M 3 59 95.16129032 117 50.2145923 
2011 Midewin N 4 35 89.74358974 101 43.3476395 
2011 Midewin O 0 28 100 116 49.7854077 
2011 Midewin P 0 19 100 94 40.3433476 
2011 Midewin Q 5 15 75 156 66.9527897 
2011 Midewin R 4 57 93.44262295 105 45.0643777 
2011 Midewin S 3 24 88.88888889 137 58.7982833 
2011 Midewin T 4 61 93.84615385 185 79.3991416 
 
66 
 
Table 11: Ovule counts for Minuartia patula from three populations in northeastern Illinois. Data 
were collected in 2011. 
 
Population Total Ovules  Population Total Ovules 
Midewin 39  WaterfallGlen 38 
Midewin 38  WaterfallGlen 44 
Midewin 40  WaterfallGlen 51 
Midewin 43  WaterfallGlen 53 
Midewin 43  WaterfallGlen 44 
Midewin 39  WaterfallGlen 58 
Midewin 55  WaterfallGlen 61 
Midewin 50  
 
2099 
Midewin 57  
  Midewin 52  mean ovules 46.64444 
Midewin 49    
Midewin 44    
Midewin 43    
Midewin 42    
Midewin 42    
DesPlaines 36    
DesPlaines 41    
DesPlaines 45    
DesPlaines 50    
DesPlaines 41    
DesPlaines 50    
DesPlaines 61    
DesPlaines 40    
DesPlaines 53    
DesPlaines 50    
DesPlaines 47    
DesPlaines 41    
DesPlaines 39    
DesPlaines 38    
DesPlaines 47    
WaterfallGlen 50    
WaterfallGlen 46    
WaterfallGlen 57    
WaterfallGlen 51    
WaterfallGlen 59    
WaterfallGlen 45    
WaterfallGlen 46    
WaterfallGlen 41    
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Table 12: Pollen counts for Minuartia patula from three populations in northeastern Illinois from 
2011. LS=long stamen, IS=intermediate stamen, SS=short stamen. 
 
Population Stamen Pollen individual ID  
  Midewin LS 855 1 
   Midewin LS 300 2 
   Midewin LS 682 3 
   Midewin LS 729 4 
   Midewin LS 797 5 
   Midewin LS 442 6 
   Midewin LS 1022 7 
   Midewin LS 784 8 
   Midewin LS 639 9 
   Midewin LS 729 10 
   Midewin LS 920 11 
   Midewin LS 592 12 
   Midewin LS 1304 13 
   Midewin LS 847 14 
   Midewin LS 622 15 
   Midewin IS 993 1 
   Midewin IS 350 2 
   Midewin IS 656 3 
   Midewin IS 690 4 
   Midewin IS 821 5 
   Midewin IS 481 6 
   Midewin IS 960 7 
   Midewin IS 954 8 
   Midewin IS 795 9 
   Midewin IS 987 10 
   Midewin IS 948 11 
   Midewin IS 665 12 
   Midewin IS 1274 13 
   Midewin IS 639 14 
   Midewin IS 541 15 
   Midewin SS 831 1 
   Midewin SS 637 2 
   Midewin SS 570 3 
   Midewin SS 545 4 
   Midewin SS 745 5 
   Midewin SS 631 6 
   Midewin SS 860 7 
   Midewin SS 757 8 
   
68 
 
Table 12(cont.) 
      Population Stamen Pollen individual ID 
   Midewin SS 776 9 
   Midewin SS 1097 10 
   Midewin SS 879 11 
   Midewin SS 715 12 
   Midewin SS 975 13 
   Midewin SS 837 14 
   Midewin SS 623 15 
   DesPlaines LS 618 1 
   DesPlaines LS 865 2 
   DesPlaines LS 625 3 
   DesPlaines LS 1304 4 
   DesPlaines LS 529 5 
   DesPlaines IS 735 6 
   DesPlaines IS 1124 7 
   DesPlaines IS 967 8 
   DesPlaines IS 730 9 
   DesPlaines IS 674 10 
   DesPlaines SS 1012 11 
   DesPlaines SS 991 12 
   DesPlaines SS 886 13 
   DesPlaines SS 781 14 
   DesPlaines SS 773 15 
   WaterfallGlen LS 1216 1 
   WaterfallGlen LS 743 2 
   WaterfallGlen LS 1139 3 
   WaterfallGlen LS 420 4 
   WaterfallGlen LS 812 5 
   WaterfallGlen IS 518 6 
   WaterfallGlen IS 940 7 
   WaterfallGlen IS 841 8 
   WaterfallGlen IS 866 9 
   WaterfallGlen IS 891 10 
   WaterfallGlen SS 1042 11 
   WaterfallGlen SS 518 12 
   WaterfallGlen SS 941 13 mean pollen 
per one 
stamen 
mean 
per 
flower 
Pollen:ovule 
ratio WaterfallGlen SS 811 14 
WaterfallGlen SS 861 15 
  
 total pollen 59669 795.5867 7955.867 170.7268 
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Table 13: Population phenology observations for Minuartia patula at Midewin National 
Tallgrass Prairie, Will Co., Illinois in 2010. 
 
Date Percent pop. in flower 
4/26/10 2% 
5/4/10 5% 
5/10/10 35% 
5/15/10 95% 
5/22/10 100% 
5/24/10 90% 
5/30/10 25% 
6/7/10 10% 
6/11/10 1% 
6/15/10 1% 
6/25/10 1% 
7/2/10 0% 
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Table 14: Population phenology observations for Minuartia patula at Midewin National 
Tallgrass Prairie, Will Co., Illinois in 2011. 
 
Date Plot# 
Total 
plants Flowering 
Not 
flowering  Comments 
5/11/2011 1 20 8 12 
 5/15/2011 1 20 18 2 
 5/18/2011 1 20 20 0 
 5/21/2011 1 20 20 0 
 5/23/2011 1 20 20 0 
 5/25/2011 1 20 20 0 
 
5/27/2011 1 20 ~20 ~0 
underwater, hard to accurately look at 
plants 
5/31/2011 1 20 ~20 ~0 
 underwater, hard to accurately look at 
plants 
6/2/2011 1 20 20 0  Plants out of water and all looking fine 
6/4/2011 1 20 20 0 
 6/6/2011 1 20 19 1 
 6/7/2011 1 20 0 20 extreme heat 
6/9/2011 1 20 ? ? 
Plot under 3.5 inches of water, plants 
not readable 
6/10/2011 1 20 ? ? under water 
6/11/2011 1 20 ? ? underwater 
6/12/2011 1 20 ? ? under water 
6/13/2011 1 20 2 18 all plants not flowering are dead 
6/16/2011 1 20 2 18 
 6/18/2011 1 20 2 18 plants that are blooming are drying out 
6/21/2011 1 20 0 20 all plants are dead 
5/11/2011 2 20 5 15 
 5/15/2011 2 20 15 5 
 5/18/2011 2 20 16 4 
 5/21/2011 2 20 19 1 
 5/23/2011 2 20 20 0 under water 
5/25/2011 2 20 20 0 underwater 
5/27/2011 2 20 20 0 
 5/31/2011 2 20 20 0 
 6/2/2011 2 20 19 1 
 6/4/2011 2 20 19 1 
 6/6/2011 2 20 19 1 
 6/8/2011 2 20 6 14 plants not blooming are dead 
6/13/2011 2 20 4 16 
 6/16/2011 2 20 4 16 
 6/18/2011 2 20 4 16 
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Table 14(cont.) 
     
Date Plot# 
Total 
plants Flowering 
Not 
flowering  Comments 
6/21/2011 2 20 2 18 
 6/23/2011 2 20 4 16 
 6/25/2011 2 20 3 17 
 6/27/2011 2 20 4 16 plants are drying out 
6/29/2011 2 20 3 17 
 7/3/2011 2 20 0 20 all plants are dead 
5/11/2011 6 15 3 12 
 5/15/2011 6 15 13 2 
 5/18/2011 6 15 13 2 
 5/21/2011 6 15 13 2 
 5/23/2011 6 15 15 0 
 5/25/2011 6 15 15 0 not flooded 
5/27/2011 6 15 15 0 
 5/31/2011 6 15 14 1 
 6/2/2011 6 15 13 2 
 6/4/2011 6 15 12 3 
 6/6/2011 6 15 12 3 
 6/8/2011 6 15 2 13 
 6/13/2011 6 15 0 15 
 6/18/2011 6 15 1 14 
 6/21/2011 6 15 1 14 
 6/23/2011 6 15 2 13 
 6/25/2011 6 15 2 13 plants are dying 
6/27/2011 6 15 1 14 
 6/29/2011 6 15 1 14 
 7/3/2011 6 15 0 15 all plants are dead 
5/11/2011 8 11 0 11 
 5/15/2011 8 11 4 7 
 5/18/2011 8 11 7 4 
 5/21/2011 8 11 8 3 
 5/23/2011 8 11 10 1 
 5/25/2011 8 11 11 0 not flooded 
5/27/2011 8 11 11 0 
 5/31/2011 8 11 9 2 
 6/2/2011 8 11 7 4 
 6/4/2011 8 11 7 4 
 6/6/2011 8 11 5 6 
 6/8/2011 8 11 2 9 
 6/13/2011 8 11 0 11 all plants are dead 
72 
 
Table 14(cont.) 
     
Date Plot# 
Total 
plants Flowering 
Not 
flowering  Comments 
5/11/2011 10 21 8 13 
 5/15/2011 10 21 18 3 
 5/18/2011 10 21 16 5 plot browsed 
5/21/2011 10 21 16 5 
 5/23/2011 10 21 18 3 
 5/25/2011 10 21 18 3 not flooded 
5/27/2011 10 21 17 4 
 5/31/2011 10 21 17 4 
 6/2/2011 10 21 17 4 
 6/4/2011 10 21 16 5 
 6/6/2011 10 21 15 6 
 6/8/2011 10 21 15 6 
 6/13/2011 10 21 4 17 
 6/16/2011 10 21 4 17 
 6/18/2011 10 21 5 16 
 6/21/2011 10 21 0 21 
 6/23/2011 10 21 2 19 
 6/25/2011 10 21 3 18 
 6/27/2011 10 21 2 19 
 6/29/2011 10 21 2 19 
 7/3/2011 10 21 0 21 all plants dead 
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Table 15: Plant phenology observations for Minuartia patula at Midewin National Tallgrass 
Prairie, Will Co., Illinois in 2010. 
 
Date 
Plant 
ID flowers buds 
spent 
flowers fruit comments 
5/5/2010 1 
 
5 
   5/5/2010 2 
 
5 
   5/5/2010 3 
 
14 
   5/5/2010 4 
 
7 
   5/5/2010 5 
 
5 
   5/5/2010 6 
 
7 
   5/5/2010 7 
 
2 
   5/5/2010 8 
 
10 
   5/5/2010 9 
 
13 
   5/5/2010 10 
 
7 
   5/5/2010 11 
 
6 
   5/5/2010 12 
 
8 
   5/5/2010 13 
 
17 
   5/5/2010 14 
 
8 
   5/5/2010 15 
 
4 
   5/7/2010 1 
 
6 
   5/7/2010 2 
 
5 
   5/7/2010 3 
 
14 
   5/7/2010 4 1 8 
   5/7/2010 5 
 
5 
   5/7/2010 6 
 
7 
   5/7/2010 7 
 
2 
   5/7/2010 8 
 
10 
   5/7/2010 9 
 
13 
   5/7/2010 10 
 
7 
   5/7/2010 11 
 
6 
   5/7/2010 12 
 
8 
   5/7/2010 13 
 
17 
   5/7/2010 14 
 
8 
   5/7/2010 15 
 
4 
   5/8/2010 1 
 
3 
  
browsed 
5/8/2010 2 
 
5 
   5/8/2010 3 
 
14 
   5/8/2010 4 1 8 
  
Stamens visible 
5/8/2010 5 
 
5 
   5/8/2010 6 
 
7 
   5/8/2010 7 
 
2 
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Table 15(cont.) 
      
Date 
Plant 
ID flowers buds 
spent 
flowers fruit comments 
5/8/2010 8 
 
10 
   5/8/2010 9 
 
13 
   5/8/2010 10 1 6 
  
just unfurling 
5/8/2010 11 
 
6 
   5/8/2010 12 
 
8 
   5/8/2010 13 
 
17 
   5/8/2010 14 
 
8 
   5/8/2010 15 
 
4 
   5/10/2010 1 
 
6 
   5/10/2010 2 1 9 
   5/10/2010 3 3 21 
   5/10/2010 4 1 9 
   5/10/2010 5 
 
7 
   5/10/2010 6 
 
7 
   5/10/2010 7 
 
3 
   5/10/2010 8 
 
14 
   5/10/2010 9 
 
19 
   5/10/2010 10 1 5 
   5/10/2010 11 
 
7 
  
browsed 
5/10/2010 12 
 
27 
  
browsed 
5/10/2010 13 
 
10 
   5/10/2010 14 
 
6 
   5/10/2010 15 
 
8 
   5/12/2010 1 1 6 
   5/12/2010 2 1 5 
   5/12/2010 3 3 9 
   5/12/2010 4 1 6 
   
5/12/2010 5 1 4 
  
tall anthers w/o pollen.Pistil has three 
stigmas visible but close together 
5/12/2010 6 2 12 
   5/12/2010 7 1 1 
   5/12/2010 8 1 15 
   5/12/2010 9 
 
19 
   5/12/2010 10 1 7 
  
5 anthers visible at center of flower 
5/12/2010 11 
 
5 
   5/12/2010 12 
 
15 
  
browsed 
5/12/2010 13 1 1 
  
browsed 
5/12/2010 14 
 
7 
   5/12/2010 15 2 4 1 
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Table 15(cont.) 
      
Date 
Plant 
ID flowers buds 
spent 
flowers fruit comments 
5/14/2010 1 1 9 
   5/14/2010 2 
 
14 1 
  5/14/2010 3 3 34 
   5/14/2010 4 1 12 1 
  5/14/2010 5 
 
7 1 
  5/14/2010 6 
 
1 
  
heavily browsed, only 1 bud left 
5/14/2010 7 1 2 
   5/14/2010 8 
 
5 
  
browsed? 
5/14/2010 9 
 
10 
  
flowers browsed 
5/14/2010 10 
 
8 1 
 
petals wilted, stigmas separate and 
twisted w papillae 
5/14/2010 11 
 
7 
   5/14/2010 12 
 
19 
   5/14/2010 13 
    
plant dried and dead 
5/14/2010 14 2 3 
   
5/14/2010 15 1 4 2 
 
Stigmas together, 6 stamens tall and 
skeletal, 4 fat and short 
5/15/2010 1 
 
7 1 
  5/15/2010 2 1 17 1 
  5/15/2010 3 2 29 3 
  5/15/2010 4 1 12 1 
  5/15/2010 5 1 7 1 
  5/15/2010 6 
 
5 
  
browsed 
5/15/2010 7 1 2 
   5/15/2010 8 
 
7 
   5/15/2010 9 
 
10 
   5/15/2010 10 1 4 1 
  5/15/2010 11 1 8 
   5/15/2010 12 2 15 
   5/15/2010 13 
    
dead 
5/15/2010 14 2 4 
   5/15/2010 15 2 6 2 
  
5/19/2010 1 1 9 1 
 
5 stamens are elongated one is pushed 
toward center, has pollen.stigmas are 
small and tight together 
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Table 15(cont.) 
      
Date 
Plant 
ID flowers buds 
spent 
flowers fruit comments 
5/19/2010 2 2 16 1 
 
oldest flower-4 anthersleft, rest have 
fallen. Anthers appear pollenless. 
Stigma twisted, separate. Younger 
flower-2 stamens elongated, pushed to 
center, all others immature, pollen not 
visible, stigmas small and tight 
together. 
5/19/2010 3 5 31 3 
 
2 flowers are at same stage. Majority of 
stamens  elong., little if any pollen 
present. Stigmas small and tight 
together 
5/19/2010 4 
 
13 2 
  
5/19/2010 5 2 
 
1 
 
1 flower is in late stage-stamens empty, 
stigmas twisted w pap. Other flower-in 
intermediate stage 
5/19/2010 6 
 
4 
  
browsed 
5/19/2010 7 
 
2 1 
  5/19/2010 8 
 
7 
  
browsed 
5/19/2010 9 
 
29 1 
 
browsed 
5/19/2010 10 3 3 1 
 
Fl1-pollen visible, stigmas still short, 
but separate, no pap;Fl2-stamens 
dehis., stigmas sep., twisted;Fl3-early 
stage, stamens elongating, stigma short 
and tight together. 
5/19/2010 11 2 
   
Fl1,3 anthers still too elongate, others 
no pollen, stigma short, other flower 
anthers empty 
5/19/2010 12 2 
   
Fl1, 3 elongated stamens, no pollen 
visible, stigma just starting to separate; 
flower 2, 3 anthers dehisced , 7 are 
elongated but no pollen visible, stigma 
visible and twisted 
5/19/2010 13 
    
dead 
5/19/2010 14 1 4 2 
 
2 anthers elongated and over center; 
pollen present on taller anther; all 
others immature, stigma short 
5/19/2010 15 
 
1 1 
 
browsed 
5/22/2010 1 2 - 
  
submerged 
5/22/2010 2 2 8 2 
 
submerged 
5/22/2010 3 7 - - 
 
submerged 
5/22/2010 4 2 17 1 
 
submerged stems are floating on water 
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Table 15(cont.) 
      
Date 
Plant 
ID flowers buds 
spent 
flowers fruit comments 
5/22/2010 5 1 8 2 
 
flower is tattered, anthers all gone, 
stigma separate and twisted, papillae 
visible 
5/22/2010 6 
 
4 
  
browsed 
5/22/2010 7 1 1 1 
 
flower just opening, spent flowers still 
with wilted petals 
5/22/2010 8 
 
4 
  
browsed 
5/22/2010 9 1 35 2 
 
3 anthers 2 elongate but at the edge of 
flower female parts immature 
5/22/2010 10 3 5 2 
 
flower 1: anthers gone, female parts 
separate twisted, late stage flower 2: 5 
anthers left, female parts immature 
flower 3: 1 anther left in center but no 
pollen visible, female parts are 
elongating, but not fully 
5/22/2010 11 2 8 1 
 
flower 1: anthers all gone, female 
separate twisted with pap flower 2: all 
anthers present, no pollen visible, 
female parts immature 
5/22/2010 12 3 34 3 
 
flower 1: damaged, female parts cut 
flower 2: anthers all gone, female parts 
elongate twisted, but no papillae 
flower 3; all anthers present, female 
parts immature 
5/22/2010 13 
    
dead 
5/22/2010 14 1 6 2 
 
1 anther left beginning to elongate, 
female parts separate, but no twisting 
and no papillae 
5/22/2010 15 
 
2 1 1 browsed 
5/24/2010 1 1 10 2 1 not under water 
5/24/2010 2 2 9 5 1 
flower 1: stigma starting to elongate, 
anthers gone or no pollen flower 2: 1 
anther elongated and over immature 
stigma 
5/24/2010 3 10 26 11 
 
8 flowers at various stages of stamen 
elongation, stigmas all immature 2 
flowers have stamens almost empty, 
stigmas separate but not twisted 
5/24/2010 4 3 12 4 
 
flower 1: 2 stamens left without pollen 
all others empty, stigmas separate but 
not twisted flowers 2 and 3: various 
stages of elongating stamens and 
immature stigma 
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Table 15(cont.) 
      
Date 
Plant 
ID flowers buds 
spent 
flowers fruit comments 
5/24/2010 5 4 3 3 
 
3 flowers have immature stigmas, 
elongating stamens, 1 flower has 
stamens dehisced and stigma separate 
and twisted with pap 
5/24/2010 6 
 
5 
  
browsed 
5/24/2010 7 
 
1 2 
  5/24/2010 8 
 
8 
  
browsed 
5/24/2010 9 2 44 2 
 
flower 1: stigma immature flower 2: 2 
stamens left to elongate, stigma 
immature 
5/24/2010 10 1 5 4 1 
5 stamens elongate with no pollen, 
stigma separate elongating but not 
twisted 
5/24/2010 11 2 9 1 1 
flower 1: no anthers left with pollen, 
stigma separate elongated but not 
twisted flower 2: stigma immature, few 
stamens left to elongate 
5/24/2010 12 2 33 5 2 
flower 1: anthers all dehisced, stigma 
short flower 2: most of the stamens, 
stigma immature 
5/24/2010 13 
    
dead 
5/24/2010 14 2 4 3 
 
flower 1: 1 stamen over stigma, stigma 
immature flower 2: anthers empty, 
stigma separate and twisted, no 
papillae 
5/24/2010 15 
 
3 
 
1 browsed 
5/28/2010 1 2 11 5 1 
flower 1: all part immature flower 2: 
anthers empty, stigma elongating, 
separate but not twisted 
5/28/2010 2 5 3 9 2 flowers in early stage 
5/28/2010 3 5 10 23 2 flowers in early stage 
5/28/2010 4 3 9 12 1 flowers in early stage 
5/28/2010 5 
 
6 3 2 
 
5/28/2010 6 1 3 1 
 
1 stem green, rest of plant brown and 
dead 
5/28/2010 7 
  
3 
 
stem dry 
5/28/2010 8 1 17 
  
flowers in early stage 
5/28/2010 9 3 18 2 
 
browsed 
5/28/2010 10 1 3 5 1 flowers just opening 
5/28/2010 11 
 
3 6 2 
 
5/28/2010 12 7 19 9 3 
6 flowers in early stage, 1 flower in late 
stage 
79 
 
Table 15(cont.) 
      
Date 
Plant 
ID flowers buds 
spent 
flowers fruit comments 
5/28/2010 13 
    
dead 
5/28/2010 14 
 
3 5 1 
 5/28/2010 15 
 
3 
 
1 
 5/30/2010 1 4 7 8 1 
 5/30/2010 2 
 
1 13 4 
 5/30/2010 3 
 
6 18 9 dried fruits 
5/30/2010 4 2 3 12 4 3 dried fruits 
5/30/2010 5 
 
3 6 2 stem broken 
5/30/2010 6 
  
1 
  5/30/2010 7 
  
1 2 
 5/30/2010 8 
 
6 1 
  5/30/2010 9 3 13 7 
  5/30/2010 10 
 
2 
 
6 black seeds visible 
5/30/2010 11 
 
1 
 
8 black seeds visible 
5/30/2010 12 
 
7 16 3 
 5/30/2010 13 
    
dead 
5/30/2010 14 
 
3 3 2 
 5/30/2010 15 
 
3 
 
1 fruit is open 
6/4/2010 1 5 4 8 5 
 6/4/2010 2 
    
plant is dead 
6/4/2010 3 
    
plant is dead 
6/4/2010 4 
    
plant is dead 
6/4/2010 5 
    
plant is dead 
6/4/2010 6 
    
plant is dead 
6/4/2010 7 
    
plant is dead 
6/4/2010 8 
    
plant is dead 
6/4/2010 9 2 16 9 5 
 6/4/2010 10 
    
plant is dead 
6/4/2010 11 
    
plant is dead 
6/4/2010 12 
    
plant is dead 
6/4/2010 13 
    
plant is dead 
6/4/2010 14 
    
plant is dead 
6/4/2010 15 
    
plant is dead 
6/7/2010 1 
 
11 6 9 no open capsules 
6/7/2010 9 1 18 3 6 1 open capsule 
6/9/2010 1 4 7 2 8 2 open capsules 
6/9/2010 9 6 26 3 10 2 open capsules 
6/11/2010 1 2 4 4 6 4 open capsules 
6/11/2010 9 5 
  
5 
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Table 15(cont.) 
      
Date 
Plant 
ID flowers buds 
spent 
flowers fruit comments 
6/15/2010 1 2 
 
3 6 
 6/15/2010 9 4 23 3 11 
 6/17/2010 1 2 7 3 4 7 open capsules 
6/17/2010 9 10 12 4 11 8 open capsules 
6/22/2010 1 4 5 3 6 10 open capsules 
6/22/2010 9 4 12 8 19 14 open capsules 
6/25/2010 1 
    
has been under water for 2 days 
6/25/2010 9 2 3 1 15 
 6/28/2010 1 
    
dead 
6/28/2010 9 1 3 2 12 
 6/30/2010 9 
    
dead 
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Table 16: Plant phenology observations for Minuartia patula at the Midewin National Tallgrass 
Prairie, Will Co., Illinois in 2011. 
 
Date 
Plant 
ID flowers buds 
spent 
flowers fruit comments 
5/11/2011 1 0 23 0 0 
 5/15/2011 1 0 31 0 0 
 5/18/2011 1 0 33 0 0 
 5/21/2011 1 4 31 0 0 
 5/23/2011 1 10 67 5 0 large, many branched plant 
5/25/2011 1 10 67 5 0 underwater, estimate only 
5/27/2011 1 
    
underwater, not counted 
5/31/2011 1 10 25 13 2 
 6/2/2011 1 8 21 16 5 
 6/4/2011 1 10 18 20 7 
 6/6/2011 1 2 7 9 8 
 6/8/2011 1 0 
   
plant dry 
6/13/2011 1 
    
plant dead 
5/11/2011 2   30     no blooms 
5/15/2011 2 3 42 
   5/18/2011 2 3 45 
   5/21/2011 2 6 59 2 
  5/23/2011 2 10 80 7 
 
very large/branched plant 
5/25/2011 2 19 77 10 
 
under water 
5/27/2011 2 19 
hard 
to 
count 10 
  5/31/2011 2 23 37 21 4 partially submerged 1 3/8" 
6/2/2011 2 16 32 26 5 grd visibly moist/no standing water 
6/4/2011 2 9 28 28 5 area dried out 
6/6/2011 2 15 36 34 9 
 6/8/2011 2 5 21 39 12 
 
6/13/2011 2 8 26 15 37 
large plant, surviving well after 
heatwave 
6/16/2011 2 5 17 5 42 
 6/18/2011 2 6 17 4 45 
 6/21/2011 2 3 5 2 49 
 6/23/2011 2 3 5 8 46 
 6/25/2011 2 3 6 8 48 
 6/27/2011 2 0 1 6 52 
 6/29/2011 2 0 0 3 55 plant very dry and dead 
5/11/2011 3   14     no blooms 
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Table 16(cont.) 
      
Date 
Plant 
ID flowers buds 
spent 
flowers fruit comments 
5/15/2011 3 1 18 
   5/18/2011 3 2 18 
  
2nd flower just opening 
5/21/2011 3 3 18 1 
  5/23/2011 3 5 15 3 
  5/25/2011 3 5 18 6 1 under standing water 
5/27/2011 3 7 
   
can’t tell under water 15/16" 
5/31/2011 3 2 5 11 7 ground still moist but no standing water 
6/2/2011 3 1 4 7 7 
 6/4/2011 3 0 
  
7 plant dried and dead 
6/6/2011 3 
    
capsules beginning to open 
5/11/2011 4         no blooms 
5/15/2011 4 1 4 
  
flower stem broken 
5/18/2011 4 1 4 
  
flower broken but almost spent 
5/21/2011 4 0 10 1 
  5/23/2011 4 4 5 3 
  
5/25/2011 4 3 16 4 
 
soil visibly moist but not under standing 
water 
5/27/2011 4 
    
under water 1" 
5/31/2011 4 2 19 3 1 moist but not under water 
6/2/2011 4 4 16 5 1 dried out (habitat not plant!) 
6/4/2011 4 3 17 6 1 
 6/6/2011 4 4 11 9 9 
 
6/8/2011 4 2 4 12 9 
drying, but still has green buds and 
some green stems 
6/13/2011 4 3 1 3 11 surviving well 
6/16/2011 4 3 5 2 11 
 6/18/2011 4 2 6 3 13 
 6/21/2011 4 1 3 1 13 drying 
6/23/2011 4 1 8 1 15 
 6/25/2011 4 2 6 3 15 
 6/27/2011 4 1 8 3 16 
 6/29/2011 4 1 7 1 16 buds/whole plant browning 
7/3/2011 4 
     5/11/2011 5   15     no flowers 
5/15/2011 5 1 19 
  
one flower, one ready to bloom 
5/18/2011 5 2 19 
  
flowers not fully open 
5/21/2011 5 3 17 1 
  5/23/2011 5 5 22 6 
  5/25/2011 5 
    
under water-can't see well 
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Table 16(cont.) 
      
Date 
Plant 
ID flowers buds 
spent 
flowers fruit comments 
5/27/2011 5 
    
still can’t see well 2 1/4" 
5/31/2011 5 0 14 10 1 
pavement still moist but no standing 
water 
6/2/2011 5 3 10 5 6 dried out 
6/4/2011 5 1 6 7 6 drying out but still alive 
6/6/2011 5 0 5 2 6 drying out but still alive 
6/8/2011 5 0 
   
plant dried out 
5/11/2011 6 2 11       
5/15/2011 6 5 28 2 
  5/18/2011 6 7 33 2 
  5/21/2011 6 4 32 6 
  5/23/2011 6 7 28 7 2 
 5/25/2011 6 11 25 5 5 not flooded 
5/27/2011 6 11 25 5 51 not flooded 
5/31/2011 6 1 7 16 9 
bottom leaves dry and brown/plant 
looking dry 
6/2/2011 6 0 2 16 15 
plant dried and dead but has one 
branch still alive at top 
6/4/2011 6 0 
   
dried and dead, some fruits open 
exposing black seeds 
5/11/2011 7   10     no blooms 
5/15/2011 7 2 17 
  
2 about to open 
5/18/2011 7 2 16 2 
  5/21/2011 7 2 21 3 
  5/23/2011 7 8 18 4 
  5/25/2011 7 5 16 4 2 not flooded 
5/27/2011 7 6 16 4 2 not flooded, but soil saturated 
5/31/2011 7 5 5 7 6 
 6/2/2011 7 4 4 8 7 
 6/4/2011 7 3 4 7 8 
 6/6/2011 7 1 5 8 10 plant looking dry, may die soon 
6/8/2011 7 0 0 8 10 plant looking dry, may die soon 
6/13/2011 7 0 0 0 0 plant dead 
5/11/2011 8   11     no blooms 
5/15/2011 8 1 19 
   5/21/2011 8 2 26 2 
  5/23/2011 8 4 20 3 
  5/25/2011 8 4 15 3 2 not flooded, but ground moist 
5/27/2011 8 5 17 3 2 not flooded, soil saturated 
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Table 16(cont.) 
      
Date 
Plant 
ID flowers buds 
spent 
flowers fruit comments 
5/31/2011 8 6 9 5 4 
 6/2/2011 8 5 8 11 4 
 6/4/2011 8 6 5 8 6 
 6/6/2011 8 0 4 8 7 
 6/8/2011 8 0 
   
plant drying out 
5/11/2011 9   21     no blooms 
5/15/2011 9 1 26 
   5/18/2011 9 3 37 
  
first flower almost spent 
5/21/2011 9 6 33 1 
  5/23/2011 9 11 30 7 
  5/25/2011 9 10 22 4 3 not flooded 
5/27/2011 9 9 20 5 3 soil saturated 
5/31/2011 9 10 8 11 8 
 6/2/2011 9 7 10 14 10 
 6/4/2011 9 4 7 18 12 one fruit open 
6/6/2011 9 0 13 20 13 
 6/8/2011 9 0 
   
plant dried 
6/13/2011 9 
   
plant dead 
5/11/2011 10 1 29     flower has petals just unfurling 
5/15/2011 10 7 34 
   5/18/2011 10 1 16 
  
badly browsed 
5/21/2011 10 2 15 1 
 
badly browsed 
5/23/2011 10 3 26 3 
 
beginning to rebound from browsing 
5/25/2011 10 3 25 3 
  5/27/2011 10 2 25 3 1 soil saturated, water on pavement 
5/31/2011 10 6 23 5 4 
 6/2/2011 10 13 24 7 6 
 6/4/2011 10 13 17 17 6 
 6/6/2011 10 8 16 16 8 
 6/8/2011 10 6 4 24 11 
 6/13/2011 10 2 5 6 36 plant drying 
6/16/2011 10 0 
   
plant dead 
5/15/2011 11 1 8     in loam 
5/21/2011 11 1 7 1 
  5/23/2011 11 2 7 2 
  
5/25/2011 11 
    
browsed alomost to ground - but not 
dead yet 
5/27/2011 11 
    
still alive but under 1/2" water 
5/31/2011 11 
    
very little of plant left/not under water 
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Table 16(cont.) 
      
Date 
Plant 
ID flowers buds 
spent 
flowers fruit comments 
6/2/2011 11 
    
still hanging on! 
6/4/2011 11 
    
dried and dead :( 
5/15/2011 12 1 6     
in loam/flower just unfurling 72 degrees 
on loam 
5/21/2011 12 1 7 
   5/23/2011 12 2 4 1 
 
94 degrees on loam 
5/25/2011 12 1 6 2 
 
not flooded 
5/27/2011 12 1 5 1 2 
 5/31/2011 12 2 4 2 2 
 6/2/2011 12 0 4 3 3 
 6/4/2011 12 1 3 3 3 
 6/6/2011 12 1 5 3 3 
 6/8/2011 12 0 1 4 3 
 6/13/2011 12 0 0 2 6 plant dying 
6/16/2011 12 0 0 1 6 plant dying 
6/18/2011 12 
    
plant dry and dead 
5/15/2011 13 1 9     in loam 
5/21/2011 13 2 13 1 
  5/23/2011 13 1 10 3 
  5/25/2011 13 4 7 2 1 not flooded 
5/27/2011 13 4 5 1 3 not flooded 
5/31/2011 13 2 3 4 3 
 6/2/2011 13 3 5 4 3 
 6/4/2011 13 1 4 4 3 
 6/6/2011 13 1 2 6 4 
 6/8/2011 13 0 0 6 4 plant drying out 
6/13/2011 13 
    
plant dead 
5/18/2011 14   5     in loam 
5/21/2011 14 
    
plant dry and dead 
5/18/2011 15 1 4     in loam w/broken stones 
5/21/2011 15 1 6 
   5/23/2011 15 1 5 2 
  5/25/2011 15 1 3 1 1 not flooded 
5/27/2011 15 1 3 1 1 not flooded 
5/31/2011 15 1 3 1 2 
 6/2/2011 15 0 3 2 2 
 6/4/2011 15 1 1 1 3 
 6/6/2011 15 1 1 1 4 
 6/8/2011 15 0 
 
2 4 plant drying out 
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Table 16(cont.) 
      
Date 
Plant 
ID flowers buds 
spent 
flowers fruit comments 
6/13/2011 15 0 0 1 5 plant continuing to dry 
6/16/2011 15 0 0 1 5 plant dead 
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Table 17: Flower phenology observations for Minuartia patula at the Midewin National 
Tallgrass Prairie, Will Co., Illinois in 2010. 
 
Date Flag# Tag time description 
5/22/2010 1 red 8am petals~1mm emerged 
  
yellow 
 
petals~1mm emerged 
  
green 
 
petals~3mm emerged 
  
black 
 
petals~1mm emerged 
5/23/2010 1 red 10am 
fully open,4stamens dehis,1at centerw/pollen,3 not 
fully elong;stigma insig 
  
yellow 
 
tag gone 
  
green 
 
replaced tag found on ground on another not open 
flower 
  
black 
 
tag gone 
5/24/2010 1 red 4pm all stamens dehis;styles fully elong/twisted/sep/pap 
  
green 
 
3stamens left to elongate, allothers in various 
stages;stigma insig 
5/25/2010 1 red 4:30pm spent 
  
green 
 
stamens mostly dehis; styles sep/elong/not twisted/no 
pap 
5/26/2010 1 red 
 
same 
  
green 
 
spent 
5/22/2010 2 red 8am petals~3mm emerged 
  
yellow 
 
petals~1mm emerged 
  
green 
 
petals~1mm emerged 
  
black 
 
petals~1mm emerged 
5/23/2010 2 red 
 
open;1stamen at center, others not elongated 
yet;stigma insig 
  
yellow 
 
browsed, replaced on another bud 
  
green 
 
fully open, 3stamens dehis, 1stamen at 
centerw/pollen,other not elongated;stigma insig 
  
black 
 
browsed, replaced on another bud 
5/24/2010 2 red 
 
1stamen over center, 2 stamens still to elongate;stigma 
insig 
  
yellow 
 
4stamens at center, all others still to elong;sigma insig 
  
black 
 
3stamens dehis,all others still to elong;stigma insig 
  
green 
 
petals wilting 
5/25/2010 2 red 
 
tag gone 
  
yellow 
 
almost all stamens dehis;styles elong/slight twist/no 
pap 
  
black 
 
all stamens dehis;styles withered, petals still ok 
  
green 
 
petals fully wilted 
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Table 17(cont.) 
    Date Flag# Tag time description 
5/26/2010 2 yellow 
 
same 
  
black 
 
same 
  
green 
 
same 
5/22/2010 3 red 
 
petals~1mm emerged 
  
yellow 
 
petals~1mm emerged 
  
green 
 
petals~1mm emerged 
  
black 
 
petals~1mm emerged 
5/23/2010 3 red 
 
fully open;1 stamen at center-dehis,7stamens dehis,2 
still w/pollen-not elongated;stigma insig 
  
yellow 
 
not fully open;2 stamens visible 
  
green 
 
fully open;1stamen at center-dehis, all others 
elongating;stigma insig 
  
black 
 
tag gone 
5/24/2010 3 red 
 
all stamens dehis;styles elong/sep/twit/pap 
  
yellow 
 
1 stamen at center w alittle pollen, all others dehis; 
stigma insig 
  
green 
 
2 stamens at center-part dehis;stigma insig 
5/25/2010 3 red 
 
spent 
  
yellow 
 
spent 
  
green 
 
spent 
5/22/2010 4 red 
 
petals~3mm emerged 
  
yellow 
 
petals~1mm emerged 
  
green 
 
petals~1mm emerged 
  
black 
 
petals~1mm emerged 
5/23/2010 4 red 
 
fully open;7stamens dehis, 3 not yet elongated 
w/pollen;stigma insig 
  
yellow 
 
4stamens dehis, 6 still to elong;stigma insig 
  
green 
 
tag on ground. Replaced on bud 
  
black 
 
tag on ground. Replaced on bud 
5/24/2010 4 red 
 
all stamens dehis and moving to outside;styles elong 
starting to twist 
  
yellow 
 
mostly all stamens dehis-a little pollen still visible;styles 
starting elong/sep 
  
green 
 
3stamens dehis, 1 stamen over center,others not 
elong;stigma insig 
  
black 
 
3 stamens dehis, 2 over center;stigma insig 
5/25/2010 4 red 
 
spent 
  
yellow 
 
spent 
  
green 
 
all stamens dehis;styles short but sep 
  
black 
 
tag gone 
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Table 17(cont.) 
    Date Flag# Tag time description 
5/26/2010 4 red 
 
spent 
  
yellow 
 
spent 
  
green 
 
spent 
5/22/2010 5 red 
 
petals~1mm emerged 
  
yellow 
 
petals~1mm emerged 
  
green 
 
petals~1mm emerged 
  
black 
 
petals~1mm emerged 
5/23/2010 5 red 
 
browsed, replaced on another bud 
  
yellow 
 
1 stamen dehis at outside, 1 stamen over center almost 
dehis, others not elong;stigma insig 
  
green 
 
petals just unfurling, no parts visible 
  
black 
 
1 stamen dehis, one over center, others not 
elong;stigma insig 
5/24/2010 5 red 
 
3 stamens at outside not elong, 3 dehis at outside, 
4moving from center out, one with a little pollen 
left;stigma insig 
  
yellow 
 
7stamens dehis,1 at center w/little pollen, 2 not fully 
elong;stigma insig 
  
green 
 
3 stamens dehis, 1 over center, 6 not elongated;stigma 
insig 
  
black 
 
3 stamens left to dehis;stigma insig 
5/25/2010 5 red 
 
stamens mostly dehis;styles sep/starting twist,no pap 
  
yellow 
 
all stamens dehis;styles sep/twist/pap 
  
green 
 
1 stamen over centerw/pollen, all others dehis;stigma 
insig 
  
black 
 
tag gone 
5/26/2010 5 red 
 
all stamens dehis; styles sep/twisted/pap;petals look 
rough 
  
yellow 
 
spent 
  
green 
 
starting to wilt 
5/22/2010 6 red 
 
petals~1mm emerged 
  
yellow 
 
petals~3mm emerged 
  
green 
 
petals~1mm emerged 
  
black 
 
petals~3mm emerged 
5/23/2010 6 red 
 
2 stamens dehis, 1 over center, all others not 
elong;stigma insig 
  
yellow 
 
3 stamens dehis, all others not elong; stigma insig 
  
green 
 
not open yet 
  
black 
 
5 stamens dehis, 5 still to elong;stigma insig 
  
yellow 
 
tag gone 
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Table 17(cont.) 
    5/24/2010 6 red 
 
1 stamen left to dehis;stigma insig 
  
green 
 
tag gone 
  
black 
 
all stamens dehis, but 1 over center w a little 
pollen;stigma insig 
5/25/2010 6 red 
 
spent 
  
black 
 
spent 
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Table 18:  Flower phenology observations for Minuartia patula at the Midewin National 
Tallgrass Prairie, Will Co., Illinois in 2011. 
 
Date Flag# Tag time description 
6/18/2011 1 yellow 10am 
petals emerged~5mm beginning to unfurl, 3 other 
flowers present in late stage 
  
red 10am 
Petals emerged~3mm, not unfurling yet;1 other late 
stage flower present 
  
yellow 1pm 
petals open, no stamens elongated yet; stigma not 
significant 
  
red 1pm 
Peatals still mostly closed, flower parts not visible 
inside 
  
yellow 3:30pm 
1 stamen over center, all others elogating to 
different levels, one dehisced and moved to 
outside;stigma insig. 
  
red 3:30pm 
1 stamen in center, dehisced, 3 others elongating, 
all others still short;stigma insig. 
  
yellow 5pm same as 3:30pm 
  
red 5pm same as 3:30pm 
  
yellow 6:30pm same as 3:30pm 
  
red 6:30pm same as 3:30pm 
6/19/2011 1 yellow 7:45am petals partially closed 
  
red 7:45am petals partially closed 
  
yellow 9am 
3 stamens elongated, dehisced, on outside of floral 
cup, one moving out, 3 others elogated on outside 
w pollen;stigma insig. 
  
red 9am 
3 stamens elog/dehis on outside, 2 elog/wpollen 
moving to center;stigma insig. 
  
yellow 11am same as 9am 
  
red 11am 
2 stamens at center partially dehis, all else the same 
as 9am 
  
yellow 1pm same as 11am 
  
red 1pm 3 stamens w pollen elongating, all else the same 
  
yellow 6pm 
4 stamens outside/dehis,4 stamens at centerpart 
dehis., 1 stamen outside w/pollen;stigma short but 
separate 
  
red 6pm all stamens dehis. And outside;stigma still insig. 
6/20/2011 1 yellow 5pm all stamens dehis. Stigma twisted/sep/pap. 
  
red 5pm under water but still open 
6/21/2011 1 yellow 4:45pm spent 
  
red 4:45pm still under water but still open 
6/23/2011 1 yellow 5pm spent 
  
red 5pm spent 
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Table 18(cont.)     
Date Flag# Tag time description 
6/25/2011 1 yellow 8:30am capsule visible 
  
red 8:30am no capsule 
6/27/2011 1 yellow 4:30pm same 
  
red 4:30pm same 
6/30/2011 1 yellow 4:30pm capsule open 
  
red 4:30pm tag gone 
     
6/18/2011 2 red 10am 
intermediate stage;2 stamens dehis @ center of 
flower,1 stamen w/pollen moving to center 
 
2 red 1pm 4 stamens dehis;stigma insig. 
 
2 red 3:30pm 6 stamens elong over center, 4 dehis;stigma insig. 
 
2 red 5pm 
3 stamens to outside and dehis, 2 stamens over 
center dehis;stigma insig 
 
2 red 6:30pm same as 5pm 
6/19/2011 2 red 7:45am same as previous day 
 
2 red 9:30am Stamens all dehis and outside;stigma insig 
 
2 red 11am same 
 
2 red 1pm same 
 
2 red 6pm stigma visible, but styles together;all else the same 
6/20/2011 2 red 5pm stamens and stigma not visible 
6/21/2011 2 red 5pm spent 
6/25/2011 2 red 8:30am same 
6/27/2011 2 red 4:30pm capsule visible 
6/29/2011 2 red 4:45pm same 
7/3/2011 2 red 4:30pm capsule open 
     6/18/2011 3 red 10:15am late stage; stigma twisted, sep, w pap. 
  
yellow 10:15am late stage; stigma twisted, sep, w pap. 
  
black 10:15am late stage; stigma twisted, sep, w pap. 
 
3 red 1pm same 
  
yellow 1pm same 
  
black 1pm same 
 
3 red 3:30pm 
petals wilted, stigma still visible, still twisted w 
knobs on end of styles 
  
yellow 3:30pm still open, stigmas straightened 
  
black 3:30pm 
petals wilted, stigma still visible, still twisted w 
knobs on end of styles 
 
3 red 5pm same 
  
yellow 5pm same 
  
black 5pm same 
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Table 18(cont.)     
Date Flag# Tag time description 
6/18/2011 3 red 6:30pm same 
  
yellow 6:30pm petals beginning to wilt 
  
black 6:30pm same 
6/19/2011 3 red 7:45am same 
  
yellow 7:45am 
Petals closed, not tightly, but not as open as 
yesterday 
  
black 7:45am same 
 
3 red 9:30am same 
  
yellow 9:30am petals still partially closed 
  
black 9:30am same 
 
3 red 11am same 
  
yellow 11am petals wilted 
  
black 11am same 
 
3 red 1pm same 
  
yellow 1pm same 
  
black 1pm same 
 
3 red 6pm same 
  
yellow 6pm same 
  
black 6pm same 
6/20/2011 3 red 
 
capsule forming 
  
yellow 
 
same 
  
black 
 
capsule forming 
6/21/2011 3 red 
 
green capsule 
  
yellow 
 
green capsule 
  
black 
 
capsule open 
6/23/2011 3 red 4:30pm open cap 
  
yellow 4:30pm open cap 
  
black 4:30pm open cap 
     6/18/2011 4 red 10:15am early stage;petals emerged~2mm 
  
yellow 10:15am late stage 
  
black 10:15am early stage;petals emerged~2mm 
 
4 red 1pm same 
  
yellow 1pm same 
  
black 1pm same 
 
4 red 3:30pm petals beginning to unfurl 
  
yellow 3:30pm stamens not visible;stigma twisted/sep/pap. 
  
black 3:30pm same 
 
4 red 5pm petals still unfurling, insides not visible 
  
yellow 5pm same 
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Table 18(cont.)     
Date Flag# Tag time description 
6/18/2011 
 
black 5pm petals beginning to unfurl 
 
4 red 6:30pm same 
  
yellow 6:30pm same 
  
black 6:30pm same 
6/19/2011 4 red 7:50am 
styles sep/beginningtwist/ no pap;stamens not 
visible 
  
yellow 7:50am anthers have fallen off stamens;styles twist/sep/pap 
  
black 7:50am 
styles sep/beginningtwist/ pap visible;stamens not 
visible 
 
4 red 9:30am same 
  
yellow 9:30am same 
  
black 9:30am same 
 
4 red 11:05am same 
  
yellow 11:05am same 
  
black 11:05am same 
 
4 red 1:10pm same 
  
yellow 1:10pm same 
  
black 1:10pm same 
 
4 red 6pm same 
  
yellow 6pm same 
  
black 6pm same 
6/20/2011 4 red 5pm under water;partially closed 
  
yellow 5pm under water;partially closed 
  
black 5pm under water;partiallt closed 
6/21/2011 4 red 5pm spent 
  
yellow 5pm spent 
  
black 5pm spent 
6/23/2011 4 red 4:30pm same 
  
yellow 4:30pm same 
  
black 4:30pm same 
6/25/2011 4 red 8:30am no cap 
  
yellow 8:30am capsule 
  
black 8:30am no cap 
6/27/2011 4 red 4:30pm same 
  
yellow 4:30pm same 
  
black 4:30pm same 
6/29/2011 4 red 
 
no capsule,dead 
  
yellow 
 
capsule open 
  
black 
 
no cap, dead 
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Table 18(cont.)     
Date Flag# Tag time description 
6/18/2011 5 Green 10:20am 
intermediate;stigma insig; 2 stamens elong and 
moving to center 
  
black 
 
late; styles sep/twist/pap;stamens not visible 
  
red 
 
late; styles sep/twist/pap;stamens not visible 
  
yellow 
 
petals emerged~2mm 
  
red/green petals emerged~3mm 
 
5 Green 1pm 1 stamen in center, 1 moving to outside;stigma insig 
  
black 
 
same 
  
red 
 
1stamen appears to have pollen 
  
yellow 
 
same 
  
red/green same 
 
5 Green 3:30pm 
all stamens to outside and dehis;styles sep but not 
twisted, no pap 
  
black 
 
petals wilted 
  
red 
 
petals wilting 
  
yellow 
 
petals slightly open, no stamens visible;stigma insig 
  
red/green petals just opening, insides not visible 
 
5 Green 5pm Stigma sep/twisted/pap;all else the same 
  
black 
 
fully wilted 
  
red 
 
fully wilted 
  
yellow 
 
styles beginning to elongate, no stamens visible 
  
red/green same 
 
5 Green 6:30pm same 
  
black 
 
same 
  
red 
 
same 
  
yellow 
 
same 
  
red/green 
Stamens immature, pollen visible but not 
elogated;stigma insig. 
6/19/2011 5 Green 7:50am petals very wide open;all else same 
  
black 
 
same 
  
red 
 
same 
  
yellow 
 
styles elongated not twisted/sep/pap 
  
red/green 
2 stamens visible w/o pollen; styles sep/partially 
elongated/ no pap 
 
5 Green 9:35am same 
  
black 
 
same 
  
red 
 
same 
  
yellow 
 
same 
  
red/green 2 stamens w pollen at center; stigma same 
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Table 18(cont.)     
Date Flag# Tag time description 
6/19/2011 5 Green 11:10am same 
  
black 
 
same 
  
red 
 
same 
  
yellow 
 
styles beginning to twist pap presnet 
  
red/green same 
 
5 Green 1:15pm same 
  
black 
 
same 
  
red 
 
same 
  
yellow 
 
same 
  
red/green same 
 
5 Green 6pm same 
  
black 
 
same 
  
red 
 
same 
  
yellow 
 
same 
  
red/green 
stamens at outside, no pollen;styles 
sep/twisted/pap 
6/20/2011 5 Green 5pm under water-tag gone 
  
black 
 
under water; spent 
  
red 
 
underwater;spent 
  
yellow 
 
underwater-tag gone 
  
red/green underwater;petals partially closed 
6/21/2011 5 black 5pm tag gone 
  
red 
 
spent 
  
red/green spent 
6/23/2011 5 red 4:30pm same 
  
red/green same 
6/25/2011 5 red 
 
same 
  
red/green tag gone 
6/27/2011 5 red 4:30pm capsule 
6/29/2011 5 red 
 
capsule open 
     
6/18/2011 6 red 10:30 
early;petals unfurled, 2stamens beginning to elong 
but not moving towards center;stigma insig. 
  
green 
 
Very late;stamens all elong and dehis,styles 
sep/twist/pap 
 
6 red 1:15pm same 
  
green 
 
same 
 
6 red 3:50pm 
3stamens elong at center, 1 dehis and moved to 
outside;stigma insig 
  
green 
 
same 
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Table 18(cont.)     
Date Flag# Tag time description 
6/18/2011 6 red 5pm same 
  
green 
 
same 
 
6 red 6:30pm same 
  
green 
 
same 
6/19/2011 6 red 7:50am 
2 stamens dehis and outside, 2 elongating 
w/pollen;styles short but sep, not twisted no pap 
  
green 
 
same 
 
6 red 9:40am 
1 stamen over center w/pollen, others same;stigma 
starting to twist no pap. 
  
green 
 
same 
 
6 red 11:15am same 
  
green 
 
same 
 
6 red 1:15pm 2 stamens over center, partially dehis;stigma same 
  
green 
 
petals looking tattered, all else same 
 
6 red 6:10pm Stigma-styles twisted/sep/pap 
  
green 
 
petals wilted 
6/20/2011 6 red 
 
all stamens outside/dehis;styles sep/twisted/pap 
  
green 
 
spent 
6/21/2011 6 red 
 
spent 
  
green 
 
same 
6/23/2011 6 red 
 
same 
  
green 
 
same 
6/25/2011 6 red 
 
tag gone 
  
green 
 
capsule 
6/27/2011 6 green 
 
green capsule 
6/29/2011 6 green 
 
same 
7/3/2011 6 green 
 
capsule browning 
7/5/2011 6 green 
 
capsule open 
     
6/18/2011 7 red 10:30am 
Very late;stamens elong/outside/dehis;style 
sep/twist/pap 
  
yellow 
 
petals just unfurling 
 
7 red 1:15pm same 
  
yellow 
 
petals open, 2  stamens beginning to 
elongate;stigma insig 
 
7 red 3:50pm same;petals ragged and very wide open 
  
yellow 
 
2stamens elongated and over center, dehisced. 
Stigma insig 
 
7 red 5pm same 
  
yellow 
 
other stamens beginning to elongate 
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Table 18(cont.)     
Date Flag# Tag time description 
6/18/2011 7 red 6:30pm same 
  
yellow 
 
same 
6/19/2011 7 red 8am pap visible 
  
yellow 
 
petals closed, insides not visible 
 
7 red 9:40am same 
  
yellow 
 
petals open;3 stamens elongated w/pollen at 
outside, 2 stamens on their way outside and part 
dehis 
 
7 red 11:15am same 
  
yellow 
 
2 stamens are now outside and totally dehis.;stigma 
insig. 
 
7 red 1:15pm petals beginning to wilt 
  
yellow 
 
1 stamen w pollen from outside is moving to 
center;stgma insig 
 
7 red 6:15pm petals fully wilted 
  
yellow 
 
6stamens dehis,2 outside, 4 at center, 4 more 
stamens w pollen not elongated, styles short but 
sep. 
6/20/2011 7 red 5pm spent 
  
yellow 
 
stamens all dehis;stigma insig 
6/21/2011 7 red 5:15pm same 
  
yellow 
 
stigma sep/twist/pap 
6/23/2011 7 red 
 
same 
  
yellow 
 
spent 
6/25/2011 7 red 
 
capsule 
  
yellow 
 
same 
6/27/2011 7 red 
 
green capsule 
  
yellow 
 
green capsule 
6/29/2011 7 red 
 
same 
  
yellow 
 
same 
7/3/2011 7 red 
 
open capsule 
  
yellow 
 
same 
7/5/2011 7 yellow 
 
open capsule 
     
6/18/2011 8 red 10:40am 
intermediate;1 stamen elongated and at center, 
others immature;stigma insig 
  
green 
 
all stamens short;stigma insig 
 
8 red 1:30pm 
2 stamens dehis and moving to outside, others 
beginning to elongate, stigma insig 
  
green 
 
3 stamens elongated, 1 moving to center;stigma 
insig 
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Table 18(cont.)     
Date Flag# Tag time description 
6/18/2011 8 red 3:55pm 
all stamens elongated to different lengths, 2 dehis 
at outside;stigma insig 
  
green 
 
all stamens elongate, 3 dehis, 2 at outside;stigma 
insig 
 
8 red 5pm same 
  
green 
 
same 
 
8 red 6:30pm 2 stamens elongated w pollen at center;stigma insig 
  
green 
 
same 
6/19/2011 8 red 8am 
petals partially closed;2 stamens w/pollen at 
center;stigma insig 
  
green 
 
petals partially closed; clump of stamens visible 
 
8 red 9:45am 
petals open;5 dehised stamens-4 at outside, 5 
stamens elongating at different stages 
w/pollen;styles beginning to elongate 
  
green 
 
open;7 stamens dehis, 2 still elong w/pollen;styles 
beginning to elongate 
 
8 red 11:15am same 
  
green 
 
same 
 
8 red 1:20pm 
large cluster of stamens at center, partially 
dehis;styles shorter but sep 
  
green 
 
styles sep but not twisted no pap 
 
8 red 6:15pm 
all stamens dehis and moving to outside;styles 
elongated but no twist or pap 
  
green 
 
1 stamen w pollen at center,all others dehis and 
outside;style sep/twist/pap 
6/20/2011 8 red 5pm all stamens dehis; style sep/twist/pap 
  
green 
 
underwater;styles visible-sep/twist/pap 
6/21/2011 8 red 
 
spent 
  
green 
 
spent 
6/23/2011 8 red 
 
same 
  
green 
 
same 
6/25/2011 8 red 8am no capsule 
  
green 
 
green capsule 
6/27/2011 8 red 4:30pm same 
  
green 
 
same 
6/29/2011 8 red 
 
capsule present 
  
green 
 
capsule open 
     6/18/2011 9 red 10:45am bud 
 
9 red 1:30pm sepals beginning to separate 
 
9 red 4pm white tip just emerging 
100 
 
Table 18(cont.)     
Date Flag# Tag time description 
6/18/2011 9 red 5pm same 
 
9 red 6:30pm same 
6/19/2011 9 red 8:10am same 
 
9 red 9:45am same 
 
9 red 11:20am same 
 
9 red 1:20pm same 
 
9 red 6:20pm same 
6/20/2011 9 red 5pm same 
6/21/2011 9 red 5:30pm ~1mm tip emerging 
6/23/2011 9 red 
 
Flower open;1st stamen over center/dehis, all 
others outside and not elong/dehis;stigma insig 
6/25/2011 9 red 5:45am 
petals partially closed;2stamens visible over center 
all else not visible 
6/25/2011 9 red 8am 
5 stamens outside/dehis, 5 not dehis and moving to 
center/elongating;stigma insig 
6/27/2011 9 red 4:30pm 
all stamens dehis;styles sep/twist/pap;flower open 
very far 
6/29/2011 9 red 4:50pm petals beginning to wilt 
7/3/2011 9 red 
 
capsule 
7/5/2011 9 red 
 
capsule open 
     
6/18/2011 10 yellow 10:50am 
1 stamen elong and at center, others short;stigma 
insig 
  
red 
 
1 stamen elong and at center,others short;stigma 
insig 
  
green 
 
2 stamens elong at center, others short;stigma insig 
  
black 
 
4 stamens elongat center, others short;stigma insig 
 
10 yellow 1:30pm 5 stamens elongand at center-2 dehis;stigma insig 
  
red 
 
3 stamens elong at center-2 dehis, 2 others elong at 
outside;stigma insig 
  
green 
 
2 stamens at outside dehis, 2 stamens at center 
dehis, all others elongating to varying 
degrees;stigma insig 
  
black 
 
2 stigmas over center-partially dehis,all other 
stamen dehis and outside;stigma insig 
 
10 yellow 4pm 3 stamens elongat center, 2 aat outside;stigma insig 
  
red 
 
3 stamens dehis, 2 at center, all others 
elongating;stigma insig 
  
green 
 
7 stamens dehis, moving to outside, others starting 
to elongate;stigma beginning to elong 
  
black 
 
same 
 
10 yellow 5pm same 
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Table 18(cont.)     
Date Flag# Tag time description 
6/18/2011 
 
red 
 
same 
  
green 
 
same 
  
black 
 
2 stamens moving to outside, all others outside; 
stigma beginning to elong and sep 
 
10 yellow 6:30pm same 
  
red 
 
same 
  
green 
 
same 
  
black 
 
same 
6/19/2011 10 yellow 8:10am petals slightly closed; 
  
red 
 
petals part closed;stamens partially visible 
  
green 
 
petals partially closed;stamens w/pollen partially 
visible 
  
black 
 
stamens outsideand all but 2 dehis;styles 
sep/twist/pap 
6/19/2011 10 yellow 9:45am 
petals open;5 stamens dehis/outside,1 dehis at 
center, 1 part dehis at center, 2 w/pollen at outside 
  
red 
 
4stamens dehis/outside,1 part 
dehis@center,5w/pollen still at outside 
  
green 
 
4 dehis/outside, 3 part dehis@center,2w/pollen 
moving to center;styles beginning to elong 
  
black 
 
same 
 
10 yellow 11:25am same 
  
red 
 
3stamens aprt dehis at center,4 
dehis/outside,3w/pollen outside;stigma insig 
  
green 
 
5stamens at center part dehis,4 dehis at outside,1 
missing stamen;styles elongbut together 
  
black 
 
same 
 
10 yellow 1:20pm 
5 stamens at center-part dehis;styles together but 3 
parts visible 
  
red 
 
5 stamens @center-part dehis;stigma same 
  
green 
 
all stamens elong/dehis, some still over 
center;styles sep 
  
black 
 
2 stamens w/pollen are now dehis, all else the same 
 
10 yellow 6:20pm 
4 stamens outside-only part dehis, others all 
dehis/outside;styles elong/sep/no twist or pap 
  
red 
 
5 stamens @centerw/pollen, 5 dehis/outside;stigma 
insig 
  
green 
 
all stamens dhis/outside;styles elong/not 
twisted/very small pap 
  
black 
 
same 
6/20/2011 10 yellow 
 
tag gone 
  
red 
 
all stamens outside, no pollen;styles 
sep/twist/pap;petals open very wide 
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Table 18(cont.)     
Date Flag# Tag time description 
6/20/2011 
 
green 
 
tag gone 
  
black 
 
underwater, structures not visible 
6/21/2011 10 red 
 
spent 
  
black 
 
spent 
6/23/2011 10 red 5pm same 
  
black 
 
tag gone 
 
retagged yellow 
 
petals~1mm emerged 
  
green 
 
petals~3mm emerged 
  
east 
red 
 
petals just unfurling;1 stamen visible inside, 
elongated and dehis 
6/25/2011 10 green 5:30am petals closed  
  
yellow 
 
petals closed  
  
east 
red 
 
petals closed  
6/25/2011 10 red 4:45pm no capsule 
  
yellow 
 
Stamens appear reduced on this flower;style 
elongated/twisted/pap 
  
green 
 
Stamens all at various elongations but most have 
pollen;stigma insig 
  
east 
red 
 
Stamens at various lengths, pollen still 
present;stigma insig 
6/27/2011 10 red 4:45pm green capsule 
  
yellow 
 
spent 
  
green 
 
spent 
  
east 
red 
 
spent 
6/29/2011 10 red 4:45pm green capsule 
  
yellow 
 
green capsule 
  
green 
 
green capsule 
  
east 
red 
 
no capsule 
7/3/2011 10 red 
 
capsule open 
  
yellow 
 
capsule open 
  
green 
 
tag gone 
  
east 
red 
 
capsule open 
7/5/2011 10 
east 
red 
 
capsule still closed 
     6/18/2011 11 green  11:00am 1 stamen elongated@center;stigma insig 
  
yellow 
 
2 stamens elong@center,1 stamen elong at 
outside;stigma insig 
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Table 18(cont.)     
Date Flag# Tag time description 
6/18/2011 
 
red 
 
2 stamens elong@center,1 stamen elong at 
outside;stigma insig 
 
11 green  1:45pm 
3 stigmas elong@center-dehiscing,1 moving to 
outside, others elongatingbut still short;stigma insig 
  
yellow 
 
2 stamensdehis and moving to outside, all others 
elongating;stigma insig 
  
red 
 
1 stamen moved to outside, 3 stamens@center-
dehising,3 others beginning to elong;stigma insig 
 
11 green  4:10pm 
1 stamen dehis@outside,4 stamens @center-
dehising, others elongating;stigma insig 
  
yellow 
 
4 stamens dehis moving outside,2stamens over 
center,others elongating;stigma insig 
  
red 
 
4 stamens dehismoving outside,3 over center, other 
elong;stigma insig 
 
11 green  5:30pm 
2stamens dehis outside,2stamens 
dihis@center,1stamen part dehis@center,1stamen 
dehis moving out;stigma insig 
  
yellow 
 
2stamens dehis moving out, 4@center-3part 
dehis;stigma insig 
  
red 
 
1stamen dehis outside, 2 stamens part dehis over 
center,2stamens elong at outside;stigma insig 
 
11 green  6:30pm 
2stamens dehis outside,2stamens dehis moving 
outside,1stamen @center part dehis;stigma insig 
  
yellow 
 
1stamen dehis and moved out, all else the same 
  
red 
 
same 
6/19/2011 11 green  8:15am petals closed 
  
yellow 
 
petals partially closed 
  
red 
 
petals partially closed 
 
11 green  9:50 
petals open;4 stamens dehis outside,2stamens 
dehis@center,1part dehis @center,3w/pollen still 
elongating at outside;stigma insig 
  
yellow 
 
8stamens dehis outside,2stamens outside 
w/pollen;styles elongating and sep 
  
red 
 
9stamens dehis outside,1 stamen w/pollen at 
center;stigma elongating and sep 
 
11 green  11:30am 
3stamens @center dehis,1stamen at center part 
dehis,4stamens outside dehis, 2stamens outside not 
fully elong w/pollen;styles still short/together 
  
yellow 
 
2stamens that were outside are now at 
center;stigma same 
  
red 
 
same 
 
11 green  1:30pm same 
  
yellow 
 
same 
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Date Flag# Tag time description 
6/19/2011 
 
red 
 
2stamens left w/pollen;stigma elon/twist/pap 
 
11 green  6:30pm 
all stamens dehis, 2 still at center, others 
outside;stigma still short/together 
  
yellow 
 
alittle pollen left on 4 stamens at outside;stigma 
sep/twist/pap 
  
red 
 
outside stamens still have a little pollen;stigma 
elong/sep/twist/pap 
6/20/2011 11 green  
 
all stamens dehis outside;styles 
elong/sep/twist/pap 
  
yellow 
 
tag gone 
  
red 
 
underwater, not visible 
6/21/2011 11 green  
 
styles very long, stamens all dehis 
  
red 
 
spent 
6/23/2011 11 green  
 
tag gone 
  
red 
 
tag gone 
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Table 19: Pollinator observations for Minuartia patula at Midewin National Tallgrass Prairie, 
Will Co., Illinois in 2010 and 2011. 
 
Date Time Plot 
temp above 
pavement start and 
finish Insect order 
Flowers 
visited 
      5/15/2010 11:25-11:43 A 74F--75F Hymenoptera 1 
   
 
Diptera 1 
   
 
Hymenoptera 1 
   
 
Hymenoptera 1 
5/15/2010 11:45-12:00 B 75F--77F Diptera 5 
   
 
Hymenoptera 1 
   
 
Diptera 1 
5/15/2010 12:02-12:17 C 77F--80F Diptera 7 
   
 
Diptera 7 
   
 
Diptera 1 
5/15/2010 12:22-12:37 D 79F--80F Diptera 1 
   
 
Diptera 2 
5/15/2010 1:10-1:26 A 87F--83F Diptera 4 
   
 
Diptera 1 
   
 
Diptera 1 
5/15/2010 1:28-1:45 B 83F--84F Diptera 1 
   
 
Diptera 14 
5/15/2010 1:46-2:08 C 83F--82F Diptera Multiple 
   
 
Diptera Multiple 
   
 
Diptera Multiple 
   
 
Diptera 3 
   
 
Diptera Multiple 
   
 
Diptera Multiple 
5/15/2010 2:10-2:25 D 82F--79F 0 
 5/15/2010 2:26-2:44 A 78F--76F Diptera 1 
5/15/2010 2:47-3:02 B 76F--75F Lepidoptera 1 
5/15/2010 3:05-3:20 C 75F--75F Diptera 1 
   
 
Diptera 1 
5/15/2010 3:24-3:44 D 75F--75F 0 
 5/15/2010 4:41-4:56 A 68F--68F 0 
 5/15/2010 4:58-5:13 B 68F--68F 0 
 5/15/2010 5:15-5:30 C 68F--68F 0 
 5/15/2010 5:33-5:48 D 68F--68F 0 
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Table 19(cont.) 
  
 
  
Date Time Plot 
temp above 
pavement start and 
finish Insect order 
Flowers 
visited 
6/4/2011 10:17-10:32 1 98F--98F Diptera 4 
    
Diptera 7 
    
Diptera 3 
    
Diptera x2 Multiple 
    
Diptera Multiple 
    
Diptera Multiple 
    
Diptera x2 Multiple 
    
Diptera Multiple 
    
Diptera x2 Multiple 
6/4/2011 10:37-10:52 2 100F--118F Diptera 1 
    
Diptera Multiple 
    
Diptera Multiple 
    
Diptera x2 Multiple 
    
Diptera x2 Multiple 
6/4/2011 10:57-11:12 3 102F--116F 0 
 6/4/2011 11:17-11:32 4 106F--109F Diptera 5 
    
Diptera 2 
    
Diptera 3 
    
0 0 
6/4/2011 11:37-11:52 1 102F--111F Diptera 4 
    
Diptera 3 
    
Diptera 3 
    
Diptera Multiple 
    
Diptera Multiple 
    
Diptera 3 
6/4/2011 11:57-12:12 2 104F--110F Diptera 7 
    
Diptera 9 
6/4/2011 12:17-12:32 3 111F--123F 0 
 6/4/2011 12:37-12:52 4 117F--107F Diptera 20 
    
Diptera 5 
    
Diptera 5 
6/4/2011 1:27--1:41 1 101F--115F Diptera 5 
    
Diptera Multiple 
    
Diptera Multiple 
    
Diptera Multiple 
    
Diptera Multiple 
    
Diptera Multiple 
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Table 19(cont.) 
  
 
  
date Time Plot 
temp above 
pavement start and 
finish Insect order 
Flowers 
visited 
6/4/2011 1:27--1:41 1 101F--115F Diptera Multiple 
    
Diptera Multiple 
6/4/2011 1:44-1:59 2 111F--118F Diptera 21 
6/4/2011 2:02-2:17 3 111F--117F 0 
 6/4/2011 2:20-2:35 4 114F--117F Diptera 6 
    
Diptera 4 
 
